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1
PHARMACEUTICAL COMPOSITIONS
INCLUDING A PORTION OF THE
C-TERMINUS OF FGF23

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/915,801, filed Oct. 29, 2010, which claims
the benefit of U.S. Provisional Patent Application Ser. No.
61/256,361, filed Oct. 30, 2009, each of which is hereby
incorporated by reference in its entirety.

The subject matter of this application was made with sup-
port from the United States Government under National Insti-
tutes of Health (NIH) grant numbers DE13686, AG19712,
AG25326, DK48482, DK20543, and DK077276. The U.S.
government has certain rights.

FIELD OF THE INVENTION

The present invention is directed to inhibiting binding of
FGF23 to the binary FGFR-Klotho complex for the treatment
of hypophosphatemia.

BACKGROUND OF THE INVENTION

Inorganic phosphate plays a key role in a myriad of bio-
logical processes, including bone mineralization, reversible
regulation of protein function by phosphorylation, and pro-
duction of adenosine triphosphate. Plasma levels of phos-
phate range between 2.2 and 4.9 mg/dl (Dwyer et al., “Severe
Hypophosphatemia in Postoperative Patients,” Nutr Clin
Pract 7(6):279-283 (1992), Alon et al., “Calcimimetics as an
Adjuvant Treatment for Familial Hypophosphatemic Rick-
ets,” Clin J Am Soc Nephrol 3: 658-664 (2008)), and are
primarily regulated by modifying renal tubular reabsorption.
Because of phosphate’s pleiotropic activity, imbalances in
phosphate homeostasis adversely affect essentially every
major tissue/organ.

Hypophosphatemia is a common clinical condition with an
incidence ranging from 0.2-3.1% in all hospital admissions to
21.5-80% in specific subgroups of hospitalized patients
(Gaasbeek et al., “Hypophosphatemia: An Update on its Eti-
ology and Treatment,” Am J Med 118(10):1094-1101 (2005),
Brunelli et al., “Hypophosphatemia: Clinical Consequences
and Management.,” J Am Soc Nephrol 18(7):1999-2003
(2007)). Acute clinical manifestations of hypophosphatemia
include respiratory failure, cardiac arrhythmia, hemolysis,
rhabdomyolysis, seizures, and coma. Chronic clinical mani-
festations of hypophosphatemia include myalgia and osteo-
malacia (Gaasbeek etal., “Hypophosphatemia: An Update on
its Etiology and Treatment,” Am J Med 118(10):1094-1101
(2005)). Hypophosphatemia originates from diverse patho-
physiologic mechanisms, most importantly from renal phos-
phate wasting, an inherited or acquired condition in which
renal tubular reabsorption of phosphate is impaired (Imel et
al., “Fibroblast Growth Factor 23: Roles in Health and Dis-
ease,” J Am Soc Nephrol 16(9):2565-2575 (2005); Negri A.,
“Hereditary Hypophosphatemias: New Genes in the Bone-
kidney Axis,” Nephrology (Carlton) 12(4):317-320 (2007)).
Hypophosphatemia can also be associated with alcoholic and
diabetic ketoacidosis, acute asthma, chronic obstructive pul-
monary disease, sepsis, recovery from organ transplantation,
and the “refeeding syndrome”, which refers to metabolic
disturbances seen in malnourished patients on commencing
nutrition (Gaasbeek et al., “Hypophosphatemia: An Update
on its Etiology and Treatment,” Am J Med 118(10):1094-
1101 (2005), Miller et al., “Hypophosphatemia in the Emer-
gency Department Therapeutics,” Am J Emerg Med 18(4):

20
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65

2
457-461 (2000), Marinella M A., “Refeeding Syndrome and
Hypophosphatemia,” J Intensive Care Med 20(3):155-159
(2005)).

Oral or intravenous administration of inorganic phosphate
salts is the current mainstay for the management of hypo-
phosphatemia. Oral phosphate therapy requires high doses,
which frequently lead to diarrhea or gastric irritation (Shiber
et al., “Serum Phosphate Abnormalities in the Emergency
Department,” J Emerg Med 23(4):395-400 (2002)). For intra-
venous phosphate therapy, the response to any given dose is
sometimes unpredictable (Bohannon N J., “Large Phosphate
Shifts with Treatment for Hyperglycemia,” Arch Intern Med
149(6):1423-1425 (1989), Charron et al., “Intravenous Phos-
phate in the Intensive Care Unit: More Aggressive Repletion
Regimens for Moderate and Severe Hypophosphatemia,”
Intensive Care Med 29(8):1273-1278 (2003); Rosen et al.,
“Intravenous Phosphate Repletion Regimen for Critically 111
patients with Moderate Hypophosphatemia,” Crit Care Med
23(7):1204-1210 (1995)), and complications include “over-
shoot” hyperphosphatemia, hypocalcemia, and metastatic
calcification (Gaasbeek et al., “Hypophosphatemia: An
Update on its Etiology and Treatment,” Am J Med 118(10):
1094-1101 (2005); Shiber et al., “Serum Phosphate Abnor-
malities in the Emergency Department,” J Emerg Med 23(4):
395-400 (2002)). In addition, parenteral regimens are not
practical for chronic disorders. Most importantly, replace-
ment therapy alone is never adequate when there is significant
renal phosphate wasting. Therefore, novel strategies for the
treatment of hypophosphatemia are needed.

Kidney transplantation is the preferred treatment of end-
stage renal failure, and hypophosphatemia is a well recog-
nized problem during the first weeks after engraftment. The
majority of kidney transplant patients often experience exces-
sive renal phosphate leakage (Schwarz et al., “Impaired Phos-
phate Handling of Renal Allografts is Aggravated under
Rapamycin-based Immunosuppression,” Nephrol Dial
Transplant 16: 378-382 (2001); Moorhead et al., “Hypophos-
phataemic Osteomalacia after Cadaveric Renal Transplanta-
tion,” Lancet 1(7860):694-697 (1974)), because the trans-
planted kidneys only marginally reabsorb the urinary
phosphate to the circulation. The reasons for this poor reab-
sorbing activity on the part of transplanted kidneys are
unknown. It frequently causes the patients malnutrition and
secondary osteoporosis. This problem cannot be treated by a
simple exogenous supplementation of phosphate. Similar
renal phosphate leakage with unknown pathology is often
observed in pediatric medicine, with outcomes such as mal-
nutrition or growth retardation.

A recent study in adults demonstrated that as many as 93%
of patients develop moderate to severe hypophosphatemia
(serum phosphate concentration 0.9-2.25 mg/dl), an average
of' 5 weeks following transplantation (Ambuhl et al., “Meta-
bolic Aspects of Phosphate Replacement Therapy for Hypo-
phosphatemia After Renal Transplantation Impact on Mus-
cular Phosphate Content, Mineral Metabolism, and Acid/
base Homeostasis,” Am J Kidney Dis 34:875-83 (1999)).

Health problems associated with circulating phosphate
shortage are not limited to humans. Dairy cows sometimes
suffer from hypophosphatemia (too low phosphate in the
blood) caused by overproduction of the milk. It not only
deteriorates the nutritional quality of the milk but also often
make the cows useless for milk production. It is a relatively
common problem in dairy farms (Goff, J P., “Pathophysiol-
ogy of Calcium and Phosphorus Disorders,” Vet Clin North
Am Food Anim Pract 16(2):319-37 (2000), Oetzel, G R.,
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“Management of Dry Cows for the Prevention of Milk Fever
and Other Mineral Disorders,” Vet Clin North Am Food Anim
Pract 16(2):369-86 (2000)).

Fibroblast growth factor (FGF) 23, is an endocrine regula-
tor of phosphate homeostasis, and was originally identified as
the mutated gene in patients with the phosphate wasting dis-
order “autosomal dominant hypophosphatemic rickets”
(ADHR) (Anonymous., “Autosomal Dominant Hypophos-
phataemic Rickets is Associated with Mutations in FGF23,”
Nat Genet 26(3):345-348 (2000)). FGF23 inhibits reabsorp-
tion of phosphate in the renal proximal tubule by decreasing
the abundance of the type II sodium-dependent phosphate
transporters NaP,-2A and NaP,-2C in the apical brush border
membrane (Baum et al., “Effect of Fibroblast Growth Factor-
23 on Phosphate Transport in Proximal Tubules,” Kidrey Int
68(3):1148-1153 (2005); Perwad et al., “Fibroblast Growth
Factor 23 Impairs Phosphorus and Vitamin D Metabolism In
Vivo and Suppresses 25-hydroxyvitamin D-1alpha-hydroxy-
lase Expression In Vitro,” Am J Physiol Renal Physiol 293
(5):F1577-1583 (2007); Larsson et al., “Transgenic mice
expressing fibroblast growth factor 23 under the control of the
alphal(I) collagen promoter exhibit growth retardation,
osteomalacia, and disturbed phosphate homeostasis,” Endo-
crinology 145(7):3087-3094 (2004)). The phosphaturic
activity of FGF23 is down-regulated by proteolytic cleavage
at the 17 RXXR'”® (SEQ ID NO: 1) motif, where “XX” is
defined as “HT”, corresponding to positions 177 and 178,
respectively, of the FGF23 amino acid sequence, producing
an inactive N-terminal fragment (Y25 to R179) and a C-ter-
minal fragment (S180 to 1251) (FIG. 1A) (Goetz et al.,
“Molecular Insights into the Klotho-dependent, Endocrine
Mode of Action of Fibroblast Growth Factor 19 Subfamily
Members,” Mol Cell Biol 27(9):3417-3428 (2007)). FGF
receptor (FGFR) 1 is the principal mediator of the phospha-
turic action of FGF23 (Liu et al., “FGFR3 and FGFR4 do not
Mediate Renal Effects of FGF23,” J Am Soc Nephrol 19(12):
2342-2350 (2008); Gattineni et al., “FGF23 Decreases Renal
NaPi-2a and NaPi-2¢ Expression and Induces Hypophos-
phatemia in vivo Predominantly via FGF Receptor 1,” Am J
Physiol 297(2):F282-F291 (2009)). In addition, Klotho, a
protein first described as an aging suppressor (Kuro-o et al.,
“Mutation of the Mouse Klotho Gene Leads to a Syndrome
Resembling Aging” Nature 390(6655):45-51 (1997)), is
required as a coreceptor by FGF23 in its target tissue in order
to exert its phosphaturic activity (Kurosu et al., “Regulation
of Fibroblast Growth Factor-23 Signaling by Klotho,” J Bio/
Chem 281(10):6120-6123 (2006); Urakawa et al., “Klotho
Converts Canonical FGF Receptor into a Specific Receptor
for FGF23,” Nature 444(7120):770-774 (2006)). Klotho con-
stitutively binds the cognate FGFRs of FGF23, and the binary
FGFR-Klotho complexes exhibit enhanced binding affinity
for FGF23 ((Kurosu et al., “Regulation of Fibroblast Growth
Factor-23 Signaling by Klotho,” J Biol/ Chem 281(10):6120-
6123 (2006); Urakawa et al., “Klotho Converts Canonical
FGF Receptor into a Specific Receptor for FGF23,” Nature
444(7120):770-774 (2006)). In co-immunoprecipitation
studies, it was demonstrated that the mature, full-length form
of FGF23 (Y25 to 1251) but not the inactive N-terminal frag-
ment of proteolytic cleavage (Y25 to R179) binds to binary
FGFR-Klotho complexes (Goetz et al., “Molecular Insights
into the Klotho-dependent, Endocrine Mode of Action of
Fibroblast Growth Factor 19 Subfamily Members,” Mo/ Cell
Biol 27(9):3417-3428 (2007)).

The present invention is directed to overcoming the defi-
ciencies in the art.

SUMMARY OF THE INVENTION

A first aspect of the present invention relates to a method of
treating hypophosphatemia in a subject. This method
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involves selecting a subject with hypophosphatemia associ-
ated with elevated or normal FGF23 levels, and administering
to the selected subject an inhibitor of FGF23-Klotho-FGF
receptor complex formation under conditions effective to
treat the hypophosphatemia.

A second aspect of the present invention relates to amethod
of screening for compounds suitable for treatment of hypo-
phosphatemia associated with elevated or normal FGF23 lev-
els. This method involves providing: FGF23, binary FGFR-
Klotho complex, and one or more candidate compounds. The
FGF23, the FGFR-Klotho complex, and the candidate com-
pounds are combined under conditions effective for the
FGF23 and the binary FGFR-Klotho complex to form a ter-
nary complex if present by themselves. The candidate com-
pounds, which prevent formation of the complex, are identi-
fied as being potentially suitable in treating
hypophosphatemia associated with elevated or normal
FGF23 levels.

The present invention also relates to a method of screening
the specificity of compounds which prevent formation of the
FGF23-Klotho-FGFR complex. This method involves pro-
viding FGF19, providing binary FGFR-pKlotho complex,
and providing one or more candidate compounds. The
FGF19, the binary FGFR-pKlotho complex, and the candi-
date compounds are combined under conditions effective for
the FGF19 and the binary FGFR-pKlotho complex to form a
ternary complex if present by themselves. Candidate com-
pounds which do not interfere with formation of the complex
are identified as being specific and potentially suitable in
treating hypophosphatemia associated with elevated or nor-
mal FGF23 levels.

Fibroblast growth factor (FGF) 23 is a key hormone and
regulator of phosphate homeostasis, which inhibits renal
phosphate reabsorption by activating FGF receptor (FGFR)
lc in a Klotho-dependent fashion. The present invention
shows that proteolytic cleavage at the RXXR motif down-
regulates FGF23’s activity by a dual mechanism: by remov-
ing the binding site for the binary FGFR-Klotho complex that
resides in the C-terminal region of FGF23, and by generating
an endogenous FGF23 inhibitor. The soluble ectodomains of
FGFRI1c and Klotho are sufficient to form a ternary complex
with FGF23 in vitro. The C-terminal tail of FGF23 mediates
binding of FGF23 to a de novo site generated at the composite
FGFR1c-Klotho interface. Consistent with this finding, the
isolated 72-residue-long C-terminal tail of FGF23—the
C-terminal fragment of proteolytic cleavage at the RXXR
motif—impairs FGF23 signaling by competing with full-
length ligand for binding to the binary FGFR-Klotho com-
plex. Injection of the FGF23 C-terminal tail peptide into
healthy rats inhibits renal phosphate excretion and induces
hyperphosphatemia. In a mouse model of renal phosphate
wasting attributable to high FGF23, the FGF23 C-terminal
tail peptide reduces phosphate excretion leading to an
increase in serum phosphate concentration. It is proposed that
the proteolytic C-terminal fragment of FGF23 is an endog-
enous inhibitor of FGF23 and that peptides derived from the
C-terminal tail of FGF23, or peptidomimetics and small mol-
ecule organomimetics of the C-terminal tail can be used as
novel therapeutics to treat hypophosphatemia where FGF23
is not down-regulated as a compensatory mechanism.

Applicants have determined that the 72-amino acid C-ter-
minal tail of FGF23 mediates binding of FGF23 to the binary
FGFR-Klotho complex and, indeed, this region harbors the
FGF23-binding site for the binary FGFR-Klotho complex.
Based on this finding, the ability of the C-terminal region of
FGF23 to antagonize FGF23 binding to FGFR-Klotho and its
phosphaturic action is evaluated. It is shown that peptides
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derived from this region are able to competitively displace
full-length FGF23 from its ternary complex with Klotho and
FGFR, and inhibit FGF23 signaling. It is further shown that
these peptides are able to antagonize FGF23’s phosphaturic
activity in vivo, both in healthy rats and in a mouse model of
phosphate wasting disorders. Based on these data, it is
believed that peptides derived from the C-terminal tail of
FGF23, or peptidomimetics and small molecule organomi-
metics of the C-terminal tail can be used as novel therapeutics
to treat patients with hypophosphatemia where FGF23 is not
down-regulated as a compensatory mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-G show that FGF23 binds to the preformed
binary complex of the ectodomains of FGFR and Klotho.
FIG. 1A shows the FGF23 proteins and peptides used in this
study. Amino acid boundaries of each protein/peptide are
labeled with residue letter and number. The FGF23 core
region is shaded grey, and the position of the proteolytic
cleavage site RXXR (SEQ ID NO: 1) is indicated, where
“XX”is defined as “HT”, corresponding to positions 177 and
178 of SEQ ID NO: 3, respectively, of the FGF23 amino acid
sequence. FIG. 1B shows a size-exclusion chromatogram of
the 1:1 FGFR1c-Klotho complex. Arrows indicate the reten-
tion times of molecular size standards and the void volume
(V). Proteins of column peak fractions were resolved on
14% SDS-polyacrylamide gels and stained with Coomassie
Blue. FIG. 1C shows a size-exclusion chromatogram of the
ternary FGF23%*2°1.FGFR1¢-Klotho complex. Arrows indi-
cate the retention times of molecular size standards and the
void volume (V). Proteins of column peak fractions were
resolved on 14% SDS-polyacrylamide gels and stained with
Coomassie Blue. FIG. 1D shows a representative surface
plasmon resonance (SPR) sensorgram of FGFR1¢ binding to
Klotho, and fitted saturation binding curve. Klotho
ectodomain was immobilized on a biosensor chip, and
increasing concentrations of FGFR1c ectodomain were
passed over the chip. The dissociation constant (K,) was
calculated from the saturation binding curve. FIG. 1E shows
a representative SPR sensorgram illustrating binding of
FGF23%%%°! (0 the binary FGFRI1c-Klotho complex.
FGF232%2*! was immobilized on a biosensor chip, and
increasing concentrations of FGFR1c-Klotho complex were
passed over the chip. FIG. 1F shows a representative SPR
sensorgram of FGF23 binding to Klotho alone. FGF232%-2%!
was immobilized on a biosensor chip, and increasing concen-
trations of Klotho ectodomain were passed over the chip.
FIG. 1G shows a representative SPR sensorgram of FGF23
binding to FGFR1c alone. FGF23?%2%! was immobilized on
a biosensor chip, and increasing concentrations of FGFR1c
ectodomain were passed over the chip.

FIGS. 2A-D show the FGF23 C-terminal tail mediates
binding of FGF23 to the binary FGFR-Klotho complex. FIG.
2 A shows a representative SPR sensorgram illustrating bind-
ing of FGF23'8%-2%! {0 the binary FGFR1¢-Klotho complex.
FGF23'%%-%°! was immobilized on a biosensor chip, and
increasing concentrations of FGFR1c-Klotho complex were
passed over the chip. FIG. 2B shows a size-exclusion chro-
matogram of the mixture of the 1:1 FGFR1c¢-Klotho complex
with FGF23'8%-231 Arrows indicate the retention times of
molecular size standards and the void volume (V). Proteins
of column peak fractions were resolved on 14% SDS-poly-
acrylamide gels and stained with Coomassie Blue. FIG. 2C
shows a size-exclusion chromatogram of the mixture of the
1:1 FGFR1c¢-Klotho complex with FGF23%%'7°. Arrows
indicate the retention times of molecular size standards and
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the void volume (V). Proteins of column peak fractions were
resolved on 14% SDS-polyacrylamide gels and stained with
Coomassie Blue. FIG. 2D shows analysis of FGF23 protein/
peptide binding to FGFR-Klotho complex by pull-down
assay. Lysate of HEK293 cells stably expressing Klotho was
incubated with FGF23 proteins, or protein sample buffer
(control). Binary complexes of endogenous FGFR and
Klotho were isolated from cell lysate by immunoprecipitation
(IP) and analyzed for bound FGF23 protein/peptide.

FIGS. 3A-H show that the isolated FGF23 C-terminal tail
peptide competes with FGF23 for binding to the binary
FGFR-Klotho complex. FIG. 3A shows a representative SPR
sensorgram illustrating inhibition by FGF23'8%-2%! of
FGFR1c-Klotho binding to FGF23%*-2*! immobilized on a
biosensor chip. Increasing concentrations of FGF23'80-231
were mixed with a fixed concentration of FGFR1c-Klotho
complex and the mixtures were passed over a FGF23 chip.
FIG. 3B shows a representative SPR sensorgram illustrating
inhibition by FGF23'#%-2% of FGFR1c-Klotho binding to
FGF232%2*! immobilized on a biosensor chip. Increasing
concentrations of FGF23'%%-2% were mixed with a fixed con-
centration of FGFR1¢-Klotho complex and the mixtures were
passed over a FGF23 chip. The sequences of FGF23'80-251
FGF23'8-295 and FGF23%*%°! are listed in Table 1. FIG. 3C
shows a representative SPR sensorgram illustrating inhibition
by FGF23%%2°! of FGFR1c-Klotho binding to FGF232%-251
immobilized on a biosensor chip. Increasing concentrations
of FGF23%%2%! were mixed with a fixed concentration of
FGFR1c-Klotho complex and the mixtures were passed over
a FGF23 chip. FIG. 3D shows dose-response curves for inhi-
bition by FGF23'%%-2*! (filled circles), FGF23'8%2°% (open
circles), or FGF232%%°! (filled triangles) of FGFR1c-Klotho
binding to FGF23 immobilized on a biosensor chip (see also
SPR sensorgrams shown in FIGS. 3A-C). For each dose-
response curve, averaged data from two to three SPR experi-
ments are presented. Inhibition of binding by the FGF23
C-terminal peptides and full-length FGF23, respectively, is
expressed as percent of the binding response obtained for the
binary FGFR1c-Klotho complex alone, and plotted as a func-
tion of the concentration of FGF23 protein/peptide. Note that
the dose-response curves of the C-terminal FGF23 peptides
are shifted to the right by about 3-fold and 6-fold, respec-
tively, compared to the dose-response curve of full-length
FGF23. Error bars denote SD. FI1G. 3E shows a representative
SPR sensorgram illustrating inhibition by FGF23%%2°! of
FGFR1c-Klotho binding to FGF23 immobilized on a biosen-
sor chip. Increasing concentrations of FGF23%%2°! were
mixed with a fixed concentration of FGFR1c-Klotho complex
and the mixtures were passed over a FGF238°-2*! chip. FIG.
3F shows a representative SPR sensorgram illustrating inhi-
bition by FGF23'8°2°! of FGFRIc-Klotho binding to
FGF23'%°-2°1 immobilized on a biosensor chip. Increasing
concentrations of FGF23'%%2>! were mixed with a fixed con-
centration of FGFR1¢-Klotho complex and the mixtures were
passed over a FGF23'%%-2%! chip. FIG. 3G shows a represen-
tative SPR sensorgram illustrating no inhibition by
FGF21'%%2% of FGFR1c-Klotho binding to FGF232%-2%!
immobilized on a biosensor chip. FGF21'%%2°° and FGFR1c-
Klotho complex were mixed at molar ratios of 6:1 and 10:1,
and the mixtures were passed over a FGF23 chip. FIG. 3H
shows inhibition by FGF23'8%-2°! of FGFR-Klotho binding
to FGF232%2%! ysing a co-immunoprecipitation based com-
petition assay. Cognate FGFRs of FGF23 were co-immuno-
precipitated with Klotho from lysates of a HEK293 cell line
stably expressing Klotho (IP) Immunoprecipitated binary
FGFR-Klotho complexes were incubated with either
FGF23'89-251 or FGF23%%2%! alone, or with mixtures of
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FGF232%2*! with increasing FGF23'%°-2*! and subsequently
analyzed for bound FGF23 protein(s). A 76-fold molar excess
of FGF23'8%-2>! completely blocked binding of FGF232%-2%!
to the FGFR-Klotho complex. Consistent with the data shown
in FIGS. 2A-D, FGF23'%%-2*! alone co-precipitated with each
of the three binary FGFR-Klotho complexes (first lane of
each immunoblot). The sequences of FGF23'80-251
FGF23'89-295 and FGF23%%2°! are listed in Table 1.

FIGS. 4A-D show that the FGF23 C-terminal tail peptide
does not interfere with binary complex formation between
pKlotho and FGF19/FGF21, nor does it interfere with ternary
complex formation between PKlotho, FGFR, and FGF19/
FGF21. FIG. 4A shows a representative SPR sensorgram
illustrating no inhibition by FGF23*#%-2*! of BKlotho binding
to FGF19%>2'® immobilized on a biosensor chip.
FGF23'8%-23! and pKlotho were mixed at a molar ratio of 2:1,
and the mixture was passed over a FGF19 chip. FIG. 4B
shows a representative SPR sensorgram illustrating no inhi-
bition by FGF23'8%-231 of fKlotho binding to FGF212°-2%°
immobilized on a biosensor chip. FGF23#%2*! and BKlotho
were mixed at a molarratio of2:1, and the mixture was passed
over a FGF21 chip. FIG. 4C shows a representative SPR
sensorgram illustrating no inhibition by FGF23'89-23! of
FGFRI1c-pKlotho binding to FGF19?*-2!¢ immobilized on a
biosensor chip. FGF23'#°-23! and FGFR 1¢c-BKlotho complex
were mixed at a molar ratio of 10:1, and the mixture was
passed over a FGF19 chip. FIG. 4D shows a representative
SPR sensorgram illustrating no inhibition by FGF238%-25! of
FGFRI1c-pKlotho binding to FGF21%°-2°° immobilized on a
biosensor chip. FGF23'#%-2°! and FGFR 1¢-pKlotho complex
were mixed at a molar ratio of 10:1, and the mixture was
passed over a FGF21 chip.

FIGS. 5A-C show that residues S180 to T200 of the C-ter-
minal tail of FGF23 comprise the minimal binding epitope for
the FGFR-K’#° “omplex. FIG. 5A shows that FGF2328-2°°
induces tyrosine phosphorylation of FRS2a and downstream
activation of MAP kinase cascade. Shown is an immunoblot
analysis for phosphorylation of FRS2a (pFRS2c) and 44/42
MAP kinase (p44/42 MAPK) in a CHO Klotho
cell line, which had been stimulated with either FGF23%%-251
or FGF2328-200 Numbers above the 1°"*° £ive the amounts of
pro®” ““ded in nM. To control for equal sample loading, the
protein blots “* robed with antibodies to non-phosphory-
lated ***? MAP kinase (44/42 MAPK) and Klotho. FIG. 5B
shows that FGF232%2° exhibits phosphaturic activity.
FGF232%2%! and FGF23%*2°° were injected © ™ C57BL/6
mice, and serum levels of phosphat® “*m P,) w*"® ™*“sured
befor® “"¥ after FGF23 protein injection. Bars and error bars
denote mean+SE. An asterisk indicates P<0.05 by ANOVA.
FIG. 5C shows that FGF23'#°2°°_the minimal binding
epitope for the FGFR-Klotho complex—competes with
FGF23 for binding to FGFR-Klotho. Cognate FGFRs of
FGF23 were co-immunoprecipitated with Klotho from
lysates of a HEK293 cell line stably expressing Klotho (IP).
Immunoprecipitated binary FGFR-Klotho complexes were
incubated with either FGF232%2%! alone or mixtures of
FGF232%2*! with increasing FGF23'%°-2°% and subsequently
analyzed for bound FGF23 protein(s). The FGF23*8%2%% pep-
tide inhibited co-precipitation of FGF23*%-2>! with each of
the three binary FGFR-Klotho complexes in a dose-depen-
dent fashion, albeit with over 100-fold reduced potency com-
pared to the FGF23'8%-2%! peptide (FIG. 3H). The sequences
of FGF23180-251 FGF23180-205 and FGF232%2! are listed in
Table 1.

FIGS. 6 A-C show that FGF23 C-terminal peptides impair
ternary complex formation between FGF23, Klotho, and
FGFR, and specifically block FGF23 signaling. FIG. 6A
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shows that FGF23'8%-2°! inhibits tyrosine phosphorylation of
FRS2a and downstream activation of MAP kinase cascade
induced by FGF23%%°!, Shown is an immunoblot analysis
for phosphorylation of FRS2a (pFRS2a) and 44/42 MAP
kinase (p44/42 MAPK) in a HEK 293 Klotho cell line, which
had been stimulated with FGF proteins/peptide as denoted in
the figure. Numbers above the lanes give the amounts of
protein/peptide added in nM. To control for equal sample
loading, the protein blots were probed with an antibody to
Klotho. FIG. 6B shows that FGF23'%%-2°% inhibits tyrosine
phosphorylation of FRS2a. and downstream activation of
MAP kinase cascade induced by FGF232#-2>!, Shown is an
immunoblot analysis for phosphorylation of FRS2a
(pFRS2c) and 44/42 MAP kinase (p44/42 MAPK) in a
HEK293 Klotho cell line, which had been stimulated with
either FGF23'8%-2°% alone or mixtures of FGF232%2%! with
increasing FGF23'%%2°5, Numbers above the lanes give the
amounts of peptide added in M. To control for equal sample
loading, the protein blots were probed with an antibody to
non-phosphorylated 44/42 MAP kinase (44/42 MAPK). FIG.
6C shows that FGF23'8%-2%! fails to inhibit tyrosine phospho-
rylation of FRS2a and downstream activation of MAP kinase
cascade induced by FGF2. Shown is an immunoblot analysis
for phosphorylation of FRS2a (pFRS2a) and 44/42 MAP
kinase (p44/42 MAPK) in a HEK 293 Klotho cell line, which
had been stimulated with either FGF2 alone or mixtures of
FGF2 with increasing FGF23'%%-2*!, Numbers above the
lanes give the amounts of peptide added in nM. To control for
equal sample loading, the protein blots were probed with an
antibody to Klotho. The sequences of FGF23'80-251
FGF23'89-295 and FGF23%%2! are listed in Table 1.

FIGS. 7A-B show that FGF23 C-terminal peptides antago-
nize the inhibitory effect of FGF23 on sodium-coupled phos-
phate uptake. Opossum kidney OKP cells were stimulated
with either FGF23%%23! or FGF23180-2%1 or FGF23180-203
alone, or mixtures of FGF232*2*! with either increasing
FGF23'%%-2°1 (FIG. 7A) or increasing FGF23'8%-2% (FIG.
7B). After 4 h cell stimulation, sodium-dependent phosphate
uptake was measured. Bars and error bars denote mean+SE.
An asterisk indicates P<0.05 by ANOVA.

FIG. 8 shows that the FGF23 C-terminal tail peptide
antagonizes phosphaturic activity of FGF23 in vivo.
FGF232%2°! (0.1 ug kg body weight™') or FGF23'3-2%1 (0.1
g kg body weight™') were injected IV into Sprague-Dawley
rats. Serum and urine parameters were measured and calcu-
lated before and 3 h after injection. FE P;: fractional excretion
of phosphate; U,,V: phosphate excretion rate; Cl_,: creati-
nine clearance.

FIGS. 9A-C show that the FGF23 C-terminal tail peptide
inhibits the ability of FGF23 to down-regulate the expression
of the type II sodium-coupled phosphate transporters NaP,-
2A and NaP,-2C in the apical brush border membrane. Spra-
gue-Dawley rats were given IV FGF232%2°! (0.1 g kg body
weight™), FGF23'%°-°! (0.1 ug kg body weight™), or
vehicle, and renal tissue was isolated 3 h post injection. FIG.
9A shows representative images of cryosections of renal tis-
sue processed for NaP,-2 A immunostaining and -actin stain-
ing. FIGS. 9B-C show NaP;-2 A (FIG. 9B) and NaP,-2C (FIG.
9C) protein abundance in renal cortex tissue (cortex) and
isolated brush border membrane vesicles (BBMV). Equal
amounts of protein were separated by SDS-PAGE and probed
for either NaP,-2A or NaP,-2C, and f-actin by immunoblot.
Representative protein blots with tissues from 6 rats are
shown in the upper panels of each figure part. Summarized
data of renal tissue samples from 12 rats are presented in the
bottom panels. Bars and error bars are mean+SE. An asterisk
denotes P<0.05 by ANOVA.
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FIG. 10 shows that FGF23 C-terminal peptides alleviate
renal phosphate wasting in Hyp mice. FGF23#%-?*! (1 mg),
FGF23'8%-2% (860 pg), or vehicle were injected IP into Hyp
mice. Urine phosphate (urinary P,) and creatinine levels and
serum phosphate levels (serum P,) were measured before and
at the indicated time points after the injection. Urinary P, of
Hyp mice treated with FGF23'8%2%% was not determined
(ND). Bars and error bars are mean+SE. An asterisk denotes
P<0.05 by ANOVA, two asterisks denote P<0.01.

DETAILED DESCRIPTION OF THE INVENTION

A first aspect of the present invention relates to a method of
treating hypophosphatemia in a subject. This method
involves selecting a subject with hypophosphatemia associ-
ated with elevated or normal FGF23 levels and administering
to the selected subject an inhibitor of FGF23-Klotho-FGF
receptor complex formation under conditions effective to
treat the hypophosphatemia.

As described by Goetz et al. (Goetz et al., “Molecular
Insights into the Klotho-Dependent, Endocrine Mode of
Action of Fibroblast Growth Factor 19 Subfamily Members,”
Mol Cell Biol 3417-3428 (2007), which is hereby incorpo-
rated by reference in its entirety), the mammalian fibroblast
growth factor (FGF) family comprises 18 polypeptides
(FGF1 to FGF10 and FGF16 to FGF23), which participate in
a myriad of biological processes during embryo genesis,
including but not limited to gastrulation, body plan forma-
tion, somitogenesis, and morphogenesis of essentially every
tissue/organ such as limb, lung, brain, and kidney (Bottcher et
al., “Fibroblast Growth Factor Signaling During Early Verte-
brate Development,” Endocr Rev 26:63-77 (2005), and
Thisse et al., “Functions and Regulations of Fibroblast
Growth Factor Signaling During Embryonic Development,”
Dev Biol 287:390-402 (2005), which are hereby incorporated
by reference in their entirety).

FGF's execute their biological actions by binding to, dimer-
izing, and activating FGF receptor (FGFR) tyrosine kinases,
which are encoded by four distinct genes (Fgfrl to Fgfrd).
Prototypical FGFRs consist of an extracellular domain com-
posed of three immunoglobulin-like domains, a single-pass
transmembrane domain, and an intracellular domain respon-
sible for the tyrosine kinase activity (Mohammadi et al.,
“Structural Basis for Fibroblast Growth Factor Receptor Acti-
vation,” Cytokine Growth Factor Rev 16:107-137 (2005),
which is hereby incorporated by reference in its entirety).

FGF23 is a gene cloned by Itoh et al. at Kyoto University
(WO 01/66596 to Itoh et al., which is hereby incorporated by
reference in its entirety). FGF23 mRNA is expressed mainly
in the brain, preferentially in the ventrolateral thalamic
nucleus. It is also expressed in the thymus at low levels
(Yamashita et al., “Identification of a Novel Fibroblast
Growth Factor, FGF-23, Preferentially Expressed in the Ven-
trolateral Thalamic Nucleus of the Brain,” Biochem Biophys
Res Comm 277(2):494-498 (2000), which is hereby incorpo-

cggcaaaaag
aaaaggccag
gcaccagcca
ccttgtgeag
tceggcetecag

acctgcagat
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gagggaatce

taaggcctygg

ctcagagcag

cgtetgeage

ctggggtgge

ccacaagaat
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rated by reference in its entirety). The tissue with the highest
level of FGF23 expression is bone (osteocytes and osteo-
blasts), where it is highly expressed during phases of active
bone remodeling (Riminucci et al., “FGF-23 in Fibrous Dys-
plasia of Bone and its Relationship to Renal Phosphate Wast-
ing,” J Clin Invest 112:683-692 (2003), which is hereby incor-
porated by reference in its entirety). Expression of FGF23 in
dendritic cells has also been reported (Katoh et al., “Com-
parative Genomics on Mammalian Fgf6-Fgf23 Locus.,” Int J
Mol Med 16(2):355-358 (2005), which is hereby incorpo-
rated by reference in its entirety). See also Zhang et al.,
“Receptor Specificity of the Fibroblast Growth Factor Fam-
ily,” J Biol Chem 281(23):15694-15700; Yu et al., “Analysis
ofthe Biochemical Mechanisms for the Endocrine Actions of
Fibroblast Growth Factor-23,” Endocrinology 146(11):4647-
4656, which are hereby incorporated by reference in their
entirety.

The number of principal FGFRs is increased from four to
seven due to a major tissue-specific alternative splicing event
in the second half of the immunoglobulin-like domain 3 of
FGFR1 to FGFR3, which creates epithelial lineage-specific b
and mesenchymal lineage-specific ¢ isoforms (Mohammadi
et al., “Structural Basis for Fibroblast Growth Factor Recep-
tor Activation,” Cytokine Growth Factor Rev 16:107-137
(2005) and Ornitz et al., “Fibroblast Growth Factors,”
Genome Biol 2(3):reviews3005.1-reviews3005.12 (2001),
which are hereby incorporated by reference in their entirety).
Generally, the receptor-binding specificity of FGFs is divided
along this major alternative splicing of receptors whereby
FGFRb-interacting FGFs are produced by epithelial cells
(Ornitz et al., “Fibroblast Growth Factors,” Genome Biol
2(3):reviews3005.1-reviews3005.12 (2001), which is hereby
incorporated by reference in its entirety). These reciprocal
expression patterns of FGFs and FGFRs result in the estab-
lishment of a paracrine epithelial-mesenchymal signaling
which is essential for proper organogenesis and patterning
during development as well as tissue homeostasis in the adult
organism.

Based on phylogeny and sequence identity, FGFs are
grouped into seven subfamilies (Ornitz et al., “Fibroblast
Growth Factors,” Genome Biol 2(3):reviews3005.1-re-
views3005.12 (2001), which is hereby incorporated by refer-
ence in its entirety). The FGF core homology domain (ap-
proximately 120 amino acids long) is flanked by N- and
C-terminal sequences that are highly variable in both length
and primary sequence, particularly among different FGF sub-
families. The core region of FGF19 shares the highest
sequence identity with FGF21 (38%) and FGF23 (36%), and
therefore, these ligands are considered to form a subfamily.

The nucleic acid and amino acid sequences for romo sapi-
ens (human) FGF23 may be found using the following refer-
ence sequence ID number on GenBank, NM__020638. The
human FGF23 gene coding sequence (1-251) has anucleotide
sequence of SEQ ID NO: 2 as follows:

agtctaggat cctcacacca gctacttgea agggagaagg

gccaggagag tcccgacagg agtgtcaggt ttcaatctca

ggcacgatgt tgggggcceg cctcaggete tgggtetgtg

atgagcgtce tcagagecta tcccaatgee tceccactge

ctgatccacce tgtacacage cacagecagg aacagctacce

ggccatgtgg atggegcace ccatcagacc atctacagtg



ccctgatgat

gatacctetyg

actgcaggtt

atcacttcct

ccecegtacte

ccataccacyg

tgctgaagec

gcgecgagga

tgaacacgca

agggtcgctg

gaccaggtce

tgcttetety

catggggttt

acaggtaaac

tttctettec

aaaaaaaaaa

aatcggagat

cactggcatt

acactacttt

tggtggtagg

atcataatag

ctgtgeagec

tacagcctca

gettttacac

aattccaact

cattctgaac

ctgggttagg

aaggactcag

atggtcagge

ttaaaactct

taaatgaagc

tctctttaaa

cttcttecca

ctattctttt

tgaacttgaa

catgcatgge

ataatagcta

ttgtaatcte

gctectacaa

ttgcctatce

cagatcagag

catggattte

ccaacaccag

ggtcagtety

ccagttectyg

geggcacace

ccgggeccgyg

caacagccceg

cgctggggga

gaagggcace

cttgacgtte

gggtcectte

caccgectte

tagaaatttc

ttgtgectet

aaaagcagtyg

cccagaaget

tgagtgtgca

caagcctteg

ctggtgaaaa

aaaactcagc

acagccagag

cecttttggee

tggctcacga

ctcctaagag

aaactacaaa

ttttetgtgy

ggggaaagaa

tettgtetgt

cctaggetga

cttaccccat

tgaccaccta

gtcacttttt

tggttatgag

ggactggtte

aaatatttta

ttggaggetce

acaaactcaa

tttcttatat

ttctatattt
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gatgctggcet

agaggcaaca

acgctggaaa

dgecgggega

tcceggagga

cggagcgccyg

atgacccegyg

atggccagtyg

acgggcccgg

ctctttaacc

cgaggatggg

cacaggaggt

ctcactccat

ccctteatga

cctetttate

ggttcctgag

tctecactge

aaccttgaca

ttettectty

cttgacagcet

ctcectacag

ggcccagaat

ccatctetygyg

aaatctgece

gcatttaatt

aatgtgactg

actgaaaaat

atcaggggac

ggtctctagyg

cacatctggyg

tactgeggtt

aaggacagta

tttttctcac

agaaatgttg

ctattctgaa

atatttetgt

ctcagtgaaa

cactaccatc

ccctegteat

atagatattt

ttgtggtgat

tttttggatc

acgggtacga

agagagccett

acgagatccc

aggacgactc

cceceggecte

acccattagg

aaggctgeeg

catcccteag

aaaggtgaca

cctgtgagaa

atagaacacc

aggtagagag

acttttaage

ctcaagactt

cctatgeatt

ttaacagctg

agcatctcetg

agacttgatg

ggtgagcace

ggcecccacte

tttttgaaaa

tgctagaatt

aaggctctac

dgaagggggc

cgtgteettt

atgttataga

getetgeage

tctcaatcce

cttectgtaa

tattaacaag

tgccatcaca

ggcaactgtt

acagtaaaac

tttcatttcc

gatcccaaaa

aggggtttte

gtggcagtat

ataaaaatgt

US 9,272,017 B2

tacaggtgtyg

acactatttce

cgtctaccac

cctgecagge

cctaattcac

dgagcgggac

ctgttcacag

ggtggtcagg

ccecttegee

caaacgcage

ggggcatgta

ccaaccttty

tttcccaata

aaggggtcte

ataaaaaaaa

tgaaggtgta

tatgttagat

aatggggcaa

gggaagagct

cttgctgaaa

ttetgteteg

tgttcccaag

tttggtctaa

tgcttttcaa

ttccaggtty

tttgagagac

tctctaaatg

agttatgaaa

agcagtgget

cttggaaatt

gggggctcca

caaagtcgat

tactaacctt

tttacctgat

tatgtataat

tgttggaaat

ggattttggt

tttatggcaa

ttatttattt

aaccccetttt

atgagcagaa

gacccggaga

tctectcagt

atgaacccac

ttcaacaccce

ccectgaacy

gagctecega

ggcggtcgag

aagttcatct

tctteccaag

tggaatttge

aggcccaagt

ggaaacccca

tcccaacata

aaaaaaaaaa

dggaagagga

gececgatece

gttgatgaaa

gtcaaaagac

tgaggcagga

ctgtcteect

cagttcatga

ggaataaata

aatggaaata

agtaggaatc

tgggactget

aagtggcatc

agacaaccac

cttecgattag

cttggtgeat

ttttcctece

tcaacaacag

atactttgat

ggttttaage

agtatatagc

attatcctge

ggaaaactag

agccaaaata

atttggaagt

tcetttette

12



tgtttaaaat
acttaaaagc
atccagagaa
tccattcata

caatattgga

As described above, reference sequence ID number on
Genbank NM_ 020638 shows the nucleotide sequence for
human FGF23 (i.e. SEQ ID NO:2) encodes a protein with the

aaaaataaaa

atgtcggaat

ggcaaaattyg

aggagactca

tttetggt
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-continued

14

tttatctcag cttctgttag cttatcctet ttgtagtact

ataagaataa aaaggattat gggaggggaa cattagggaa

aaaaaaagat tttagaattt taaaattttc aaagatttct

atgattttaa ttgatctaga cagaattatt taagttttat

amino acid sequence of SEQ ID NO: 3 as follows:

mlgarlrlwvcalcsvesmsvlraypnaspllgsswgglihlytata

rnsyhlgihknghvdgaphgtiysalmirsedagfvvitgvmsrryl

cmdfrgnifgshyfdpencrfghgtlengydvyhspgyhflvslgra

kraflpgmnpppysgflsrrneiplihfntpiprrhtrsaeddserd

gaatctagce

cagcaagggc

gctgtgcaat

gettgggeac

gcectgacceca

atggtcatgt

aggacgccgg

tccacggcaa

ggacgctgga

tgggCCgCgC

tggctegeag

cgegeagege

gegecacgece

cegcagecag

¢gggaggege

gegteegect

aggatgtctg

ggcaccgceta

tctecageace

cacatccaca

accccaacag

agacacttgg

daggaaagag

attctgggat

agtcgaagaa

10

-continued
plnvlkprarmtpapascsgelpsaednspmasdplgvvrggrvnth

aggtgpegcrpfakfi

15 Furthermore, Luethy et al. have cloned the FGF23 gene to
produce a transgenic mouse that expresses the gene, and
analyzed the phenotype of the mouse (WO 01/61007 to
Luethy et al., which is hereby incorporated by reference in its
entirety). See also U.S. Patent Application Publication No.
20050106755 to Zahradnik et al., which is hereby incorpo-
rated by reference in its entirety).

The nucleic acid and amino acid sequences for the Mus
musculus (mouse) FGF23 may be found at GenBank,
NM__022657. The mouse FGF23 gene coding sequence has a
nucleotide sequence SEQ ID NO: 4 as follows:

20

caggatccce acctcagtte tcagettett cctaggaaga agagaaagge

ccagectgte tgggagtgte agatttcaaa ctcagcatta gccactcagt

gctagggace tgecttagac tectggtggg cgtgetcetge actgtetgea

tgctagagce tatccggaca cttecccatt gettggetcee aactggggaa

cctgtacacyg gectacageca ggaccagceta tcacctacag atccataggg

agatggcacce ccccatcaga ccatctacag tgccctgatg attacatcag

ctctgtggtyg ataacaggag ccatgacteg aaggttcectt tgtatggate

catttttgga tegettcact tcageccaga gaattgcaag ttcegecagt

gaatggctat gacgtctact tgtcegcagaa gcatcactac ctggtgagece

caagcgcate ttecageegg gcaccaacce gecgecctte tceccagttec

gaacgaggtc ccgctgetge atttctacac tgttegecca cggegecaca

cgaggaccca ccggagegeg acccactgaa cgtgctcaag cegeggeccce

tgtgcctgta tectgetete gegagetgece gagegcagag gaaggtggece

cgatcctetyg ggggtgetge geagaggeeg tggagatget cgegggggey

ggataggtgt cgccecttte ccaggttegt ctaggtecce aggccaggcet

ccatccteca gteggttecag cccacgtaga ggaaggacta gggtaccteg

cttetetece tteectatgg gectgagagt cacctgegag gttcecageca

ttcagaatta agagccaacg gtgggaggcet ggagaggtgg cgcagacagt

cacaaatacc tgtaattcta getccagggg aatctgtact cacacacaca

cacacacaca cacacataca tgtaatttta aatgttaatc tgatttaaag

gtaaactaga cacgaagctc tttttatttt attttactaa caggtaaacc

cctttattag cegggtetet tgectageat tttaatcgat cagttagcac

ttcacgectt gaacacaggg aagaggccat ctcetgcaget tctagttact

tcacgggtgt ttgagtttga geaccttgac cttaatgtcet tcactaggca

agacgcgcat ttettetett tgggaagage tttggattgg cgggaggetyg
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-continued

acaaggacac ctaaaccgaa cacatttcag agttcagect

atgattctgt gataggacca gtcagtaget tttgaatttg

ccttgetagyg gtgttttgea aaatgcaaac getcgaacte

gtgaaagcct ccgctagcag gttgacttgt aatatattct

ggggtggagg tggggtgggg gagaagggtc cttgagacct

tttcetgtgaa gagyg

As described above, reference sequence ID number on
Genbank NM_ 022657 shows the nucleotide sequence for
mouse FGF23 (i.e. SEQ ID NO: 4) encodes a protein with the
amino acid sequence of SEQ ID NO: 5 as follows:

mlgtclrllvgvlctveslgtaraypdtspllgsnwgslthlytata
rtsyhlgihrdghydgtphgtiysalmitsedagsvvitgamtrrfl
cmdlhgnifgslhfspenckfrgwtlengydvylsgkhhylvslgra

krifgpgtnpppfsgflarrnevpllhfytvrprrhtrsaedpperd

cgegeageat
cgectgetget
gcgegeagac
agggcacctt
geggetggea
tggcaccccee
agccegecac
cgctgegega
ccaatggcag
agcggetgeg
agcgectgea
attacgcgga
acaaccccta
ggggcagecce
tctggeatcet
taagctctca
aatctectgga
ccgagageat
agttcatcaa
aacttttgga
tttectggat
ttgtctcagyg
tcatggaaac

ggtceccteat

ccctgaggaa
ccectggetea
tctctaaaga
aagcgaatgt

cggattgtte

15
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gcecegecage

ggtgctgctg

ctgggecegt

ccecgacgge

gcagcacgge

gggagactce

cggggacgta

gCthgggtC

CgnggCgtC

ggagctggge

ggacgectac

gctetgette

cgtggtggcee

geggetceggg

ctacaatact

ctggatcaat

ctttgtacta

gaagaataac

aggaactgct

cccteacatg

tgaccttgaa

gaccaccaag

cttaaaagcc

ggatggttte

16

tgattcgeca
gcaaagtcta

ggcattttta

gececggggtyg

taggttaggg

-continued
plnvlkprpratpvpvscsrelpsaeeggpaasdplgvlrrgrgdar

ggaggadrcrpfpriv

Kurosu et al. and Urakawa et al. have identified Klotho as
an obligate co-receptor of FGF23 (Kurosu et al., “Regulation
of Fibroblast Growth Factor-23 Signaling by Klotho,” J Bio/
Chem 281(10):6120-6123 (2006); Urakawa et al., “Klotho
Converts Canonical FGF Receptor Into a Specific Receptor
for FGF23,” Nature 444:770-774 (2006), which are hereby
incorporated by reference in their entirety).

The nucleic acid and amino acid sequences for the human
Klotho (i.e. SEQ ID NO: 6) gene may be found at GenBank,
NM__004795. The human Klotho gene coding sequence has
a nucleotide sequence of SEQ ID NO: 6 as follows:

geeeegeege geegecegeg gecgecgeceyg cegtegetgt

ggCCtgggCg gCCgCCgCCt gcgtgcggag ccgggcgacyg

ttctegegge ctectgecce cgaggecgeg ggectettece

ttcectetggy cegtgggecag cgccgectac cagaccgagg

aagggtgcegt ccatctggga tacgttcace caccaccccce

cggaacgcca gtetgeegtt gggegeceeg tegecgetge

gccagegaca gctacaacaa cgtctteege gacacggagg

actcactacc gcttetecat ctegtgggeg cgagtgetcece

cccaaccgeg aggggetgeg ctactacegg cgectgetgg

gtgcagcceg tggtcaccet gtaccactgg gacctgecce

cctggecgac cacttcaggg

ggeggetggyg ccaaccgege

cgccactteg geggtcaggt caagtactgg atcaccateg

tggcacgget acgecaccgg gegectggee cceggeatece

tacctggtgg cgcacaacct cctectgget catgecaaag

tcttteegte ccactcaggg aggtcaggtyg tccattgece

cctegaagaa tgaccgacca cagcatcaaa gaatgtcaaa

ggttggtttyg ccaaacccgt atttattgat ggtgactatc

ctttcatcta ttectgectga ttttactgaa tctgagaaaa

gacttttttyg ctetttgett tggacccace ttgagtttte

aagttccgece aattggaatce tcccaacctyg aggcaactge

tttaaccatc ctcaaatatt tattgtggaa aatggetggt

agagatgatyg ccaaatatat gtattacctc aaaaagttca

atcaagctgyg atggggtgga tgtcatcggg tataccgeat

gagtggcaca gaggttacag catcaggcgt ggactcttct



atgttgactt

aaaagctgat

cattteceetyg

tgtctcagtt

ttaaagtgga

tccagecceca

actgggeect

actatcgetg

ggcagcctat

agaaccccta

gccatcacgt

gtgctggeca

ttaggcatge

cctgeecttt

gCtggCtggC

tgaaccaaag

agggtacctt

aagaagatcc

ggctcaactce

ggctgaagtt

ggctgecatge

ctctcaaage

acgaccgcac

aggcatccat

ctctggaaag

cccgaaagte

cccttatatt

tctattcatt

taagtgttgt

atgacagagg

cctgaatttyg

acactaacaa

aatgacaaga

agtagtaatt

cataataatg

gcagatacag

ttctatcaaa

tatggaaatg

gatctgtete

tgcggaaaaa

tgaaatacag

tctaagccag

agagaaaaat

tgactttget

taccgacctyg

tggggttgtg

gatcgettta

gattctcect

catggccage

ggceccgaac

cactgeecetyg

caagctttgg

caaccttetg

tcagaatggg

ctcccaaaag

tgagcccatt

aaacaatttt

tgactttttyg

aataaaatac

ccccagteag

caagtacgga

tgaggacgac

ccacatactg

agctccgagyg

gaaacattac

attttgtcca

tttactgget

ttactactcg

cattttgaaa

gaaactgtaa

ttttgaaatg

ttctettttt

aagcatgaaa

ttaggaatat

gcaagagttce

cctagtgget

gagagacgac

tactagtatt

tgtattttat

actggcatct

caaacatgaa

tataccgcag
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gacaagatgt

ggctteccte

tggggagttg

aatgtttacc

accaagaaga

ctccaggaaa

ctgggtaacc

gagettgtee

caaggactge

gectttgcag

ataacgatga

aaggcccatg

aaaatatcca

gacaaagagg

ttcggetetyg

cttcttectt

getttaagee

aatgattacc

gtggcggtag

gacctcccca

cagctgaggg

gatggtatca

tttggectet

aggaaaatta

gaagaattca

ttcatagett

aagaaaggca

taattatgca

atttcataca

ggcataggtg

gggtgattaa

aataggaacc

tttettetge

gaatagaaag

tccectetgt

agagggtcct

aatttatgta

atgatttttg

tgttgagggc

tcctgtgata

tggctcectagyg

tgttgccaaa

ctttacctga

ttgacaacta

tgtgggatgt

ggaaatccta

tgcacgttac

agtcccaggt

gtgtcaacat

cgegectect

agtatgcceeg

atgagccgta

cecctggettyg

tagccttgea

tggctgagag

gagattatce

atttcactga

attataccac

tagaagtgca

thCCtgggg

tgtacataat

tgtattatat

atctttgegyg

atcgttatge

ttgacagcaa

cegtgtgtac

ttctattttt

gaagaagtta

gacacatcag

tttgacttct

atcgtaaaat

aaaactgaca

acaccaatgc

acccacttct

ttatgtacca

caaatctagt

aggctggaat

tctggttaat

aggtcctgte

cttgcacata

ttgggcetett

tggaggaaag

US 9,272,017 B2

gtcttcagece

aaatcagccc

cattcaagta

ccaccacagt

ctgtgttgac

acattttege

gaaccacacc

caccccagty

ggccaggcag

actgtgettt

tacaaggaat

gecatgtgtac

ggctgattgg

agttttggaa

atgggtgatg

agatgaaaaa

catccttgta

agaaatgacc

gttgcgcaaa

atccaatgga

gcagaattac

atactttget

tgcagatcag

tggtttceey

tgagtgcagt

tgcttctatt

caaatagttc

ctgttaacca

agaaaacatt

attgaataat

ggcactataa

aacatttgtyg

aaatttaatg

agtaaccatt

ttcctatgga

gttecttteg

gacatacttg

taaaccctgt

ggaaactttt

caggaagcat

gaggaaaaag

ttgttctace

ctagaaggga

gataccactc

aaaaggctta

tttgctgeca

ttctecectygy

atcctgcagt

gtggcectgt

ggcgectggyg

caagagcteg

atgacataca

aatgaaaagt

atagaacctyg

tttgacattg

agggactggc

aagctaatcc

gactcagaaa

gacatcacgt

gtgctgaact

atcgatgacyg

ataaacgaag

tattcgttta

tttgagcceca

ggcccagaaa

ttttttcaca

atttctctcet

tgaacatttt

tttgcaccte

tttgtggett

gcgaatagtyg

tttctgtaac

cagaaatttyg

tttttctgga

tctecagetge

aaagaagatg

aaagcaatgce

gagagcaaat

gtcectgagg

gataagtatc

aaagcaattg

tgcttattat

18
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-continued

gtgcaacatt atgattaatc tgattataca ccatttttga

catgaccttt ccctagagaa taaggatgaa ataatcacte

actttctatt ctttagctgt actgtaattt ctttgagttg

taggttcaaa agcaatctgg tctgaataac actggatttg

tattttatgt ttttgctgct acttctgtgg aagtagettt

tttcacgetyg aaacatgcta gtgatatcta gaaagggcta

gecccttaaa taagtcttge tgattttcag acagggaagt

gttttataga taagtcaata ttgtatcagg caagataaac

ccaacctcac tgacacaggg tcatagtgta taataatata

tctttagagyg tatgattttt tcatgaaaga taagettttg

gacttattaa aattggatgc tagagaatca agtttatttt

ataagagtaa tatatgttca ttgtaaaaat ttttaaaaca

aaaataaaaa ttatctataa tctcagaacc cagaaatagce

tattttattt tacatagatc atattgtata tagttagtat

aaactttcct ttgtcattat tagtcttcaa aagcatgatt

ccaccacagg aatgtatcac aacttaaccg ttecegtttg

tgttgatgaa tgttgtttaa aaataatttt gttgctacat

gtaaagagaa gtaattttgc tccttgataa agtattatat

actttttgece ttctttcata atcataaaaa aa

As described above, reference sequence ID number on
Genbank NM_ 004795 shows the nucleotide sequence for
human Klotho (i.e. SEQID NO: 6) encodes a protein with the
amino acid sequence of SEQ ID NO: 7 as follows:

dsrnaslplgapsplgpatgdvasdsynnvfrdtealrelgvthyrf
siswarvlpngsagvpnreglryyrrllerlrelgvgpvvtlyhwdl
parlgdayggwanraladhfrdyaelcfrhfgggvkywitidnpyvv
awhgyatgrlapgirgsprlgylvahnlllahakvwhlyntsfrptqg
gggvsialsshwinprrmtdhsikecgksldfvlgwfakpviidgdy
pesmknnlssilpdftesekkfikgtadffalcfgptlsfglldphm
kfrglespnlrgllswidlefnhpgifivengwfvsgttkrddakym
vylkkfimetlkaikldgvdvigytawslmdgfewhrgysirrglfy
vdflsgdkmllpkssalfygkliekngfpplpengplegt fpcdfaw
gvvdnyigvdttlsgftdlnvylwdvhhskrlikvdgvvtkkrksyc
vdfaaigpgiallgemhvthfrfsldwalilplgngsqgvnhtilgyy
rcemaselvrvnitpvvalwgpmapngglprllarggawenpytalaf
aeyarlcfgelghhvklwitmnepytrnmtysaghnllkahalawhv
ynekfrhagngkisialgadwiepacpfsgkdkevaervlefdigwl
aepifgsgdypwvmrdwlngrnnfllpyftedekkliqgtfdflals
hyttilvdsekedpikyndylevgemtditwlnspsqvavvpwglrk

vlnwlkfkygdlpmyiisngiddglhaeddglrvyymgnyinealka

gcagatcttyg

attctatgaa

atagttttac

tttctgtgat

gaactagttt

attaggtctce

ctctctatta

caatgtcata

ctgtactata

gtaatattca

atgtatatat

cagaaactat

cactattaac

ctttattaat

tttaatagtt

ttagactagt

ttactttaat

taataataaa

35

40

45

50

55

60

65

20

gaatgaatga
cagtgacact
aaattcttaa
ctctgaggte
tactttgaac
atcctttaat
cactggagcet
acaggcattyg
taatatatca
ttttaaagtyg
ttttctgatt
atgcaaagaa
atttcctacyg
ttttattatg
gttgagtatt
ttcttattaa
ttcettgact

tctgectgea

-continued
hildginlecgyfaysfndrtaprfglyryaadgfepkasmkhyrkii
dsngfpgpetlerfcpeeftvctecsffhtrksllafiaflffasii
slslifyyskkgrrsyk

The Klotho gene encodes a 130-kDa single-pass trans-
membrane protein with a short cytoplasmic domain (10
amino acids) and is expressed predominantly in the kidney
(Matsumara et al., “Identification of the human klotho gene
and its two transcripts encoding membrane and secreted
klotho protein,” Biochem Biophys Res Commun 242(3):626-
630 (1998), which is hereby incorporated by reference in its
entirety). In addition to the membrane-bound isoform of
Klotho, alternative splicing and proteolytic cleavage give rise
to two soluble isoforms of Klotho found in the circulation
(Imura et al., “Secreted Klotho protein in sera and CSF:
implication for post-translational cleavage in release of
Klotho protein from cell membrane,” FEBS Lett 565(1-3):
143-147 (2004); Kurosu et al., “Suppression of aging in mice
by the hormone Klotho,” Science 309(5742):1829-1833
(2005); Matsumura et al., “Identification of the human klotho
gene and its two transcripts encoding membrane and secreted
klotho protein,” Biochem Biophys Res Commun 242(3):626-
630 (1998); Shiraki-lida et al., “Structure of the mouse klotho
gene and its two transcripts encoding membrane and secreted
protein,” FEBS Lett 424(1-2):6-10 (1998), which are hereby
incorporated by reference in their entirety). Mice carrying a
loss-of-function mutation in the Klotho gene develop a syn-
drome resembling human aging, including shortened life
span, skin atrophy, muscle atrophy, osteoporosis, arterioscle-
rosis, and pulmonary emphysema (Kuro-o etal., “Mutation of
the Mouse Klotho Gene Leads to a Syndrome Resembling
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Ageing,” Nature 390:45-51 (1997), which is hereby incorpo- in its entirety). These observations suggest that the Klotho

rated by reference in its entirety). Conversely, overexpression gene functions as an aging suppressor gene.
of the Klotho gene extends the life span and increases resis- The nucleic acid and amino acid sequences for the human
tance to oxidative stress in mice (Kurosu et al., “Suppression FGFRI, transcript variant 1 gene may be found at GenBank,

of Aging in Mice by the Hormone Klotho,” Science 309: 5 NM_023110. The FGFR1 has the nucleotide sequence of
1829-1833 (2005), which is hereby incorporated by reference SEQ ID NO: 8 as follows:

agatgcaggyg gcgcaaacgce caaaggagac caggcetgtag gaagagaagg gcagagcegcece
ggacagcteg gcccgeteee cgtectttgyg ggecgegget ggggaactac aaggeccage
aggcagcetge agggggcgga ggcggaggag ggaccagcge gggtgggagt gagagagcega
geectegege ccegecggeg catagegete ggagegetcet tgeggecaca ggegeggegt
ccteggegge gggeggeage tagegggage cgggacgeeg gtgcagecege agegegegga
ggaacceggg tgtgecggga getgggegge cacgtccegga cgggaccgag acccctegta
gegeattgeg gegacctege ctteccegge cgcegagegeg cegetgettyg aaaagecgeg
gaacccaagg acttttectee ggtcecgaget cggggegece cgcagggege acggtacceg
tgctgcagte gggcacgeceg cggegecggg gectecgecag ggegatggag cceggtetge
aaggaaagtyg aggcgecgece getgegttet ggaggagggg ggcacaaggt ctggagacce
cgggtggegy acgggagecoce tecccecgece ccgectecgg ggcaccaget ceggetccat
tgttcecegee cgggetggag gegecgagea ccgagegeeg cegggagteg agegecggece
gcggagetcet tgcgaccceg ccaggacceg aacagagece gggggeggeg ggecggagec
ggggacgegg gcacacgcee gctegcacaa gccacggegg actcteccga ggeggaacct
ccacgecgag cgagggtcag tttgaaaagg aggatcgage tcactgtgga gtatccatgg
agatgtggag ccttgtcacc aacctctaac tgcagaactg ggatgtggag ctggaagtge
ctecetettet gggetgtget ggtcacagee acactctgea cegetaggee gtcecccgace
ttgcctgaac aagecccagece ctggggagece cctgtggaag tggagtcectt ccetggtecac
cceggtgace tgetgeaget tegetgtegg ctgegggacg atgtgcagag catcaactgg
ctgegggacyg gggtgcaget ggeggaaage aaccgcaccece geatcacagg ggaggaggtyg
gaggtgcagg actcecgtgec cgcagactce ggectctatg cttgegtaac cageagecce
tcgggcagtyg acaccaccta ctteteegte aatgtttcag atgetctece ctecteggag
gatgatgatg atgatgatga ctcctettca gaggagaaag aaacagataa caccaaacca
aaccgtatge cegtagetcece atattggaca tccccagaaa agatggaaaa gaaattgeat
gcagtgcegg ctgccaagac agtgaagttce aaatgecctt ccagtgggac cccaaacccce
acactgcgcet ggttgaaaaa tggcaaagaa ttcaaacctg accacagaat tggaggctac
aaggtccgtt atgecacctg gageatcata atggactctg tggtgcccte tgacaaggge
aactacacct gecattgtgga gaatgagtac ggcagcatca accacacata ccagctggat
gtegtggage ggtcccctceca ceggeccate ctgcaagcag ggttgeccge caacaaaaca
gtggcectgyg gtagcaacgt ggagttcatyg tgtaaggtgt acagtgacce geagecgeac
atccagtgge taaagcacat cgaggtgaat gggagcaaga ttggcccaga caacctgect
tatgtccaga tcttgaagac tgctggagtt aataccaceg acaaagagat ggaggtgett
cacttaagaa atgtctectt tgaggacgca ggggagtata cgtgettgge gggtaactcet
atcggactct ceccatcacte tgcatggttg acegttetgg aagecctgga agagaggcecyg
gcagtgatga cctcgeccct gtacctggag atcatcatct attgecacagg ggecttecte
atctcctgea tggtggggte ggtcategte tacaagatga agagtggtac caagaagagt

gacttccaca gccagatgge tgtgcacaag ctggccaaga gcatcectet gegcagacag



gtaacagtgt

tcacggetet

gaagacccte

ggctgettty

cgtgtgacca

gacctgatcet

ctgetggggy

ggcaacctge

cccagccaca

gtggcccgag

aggaatgtcc

gacattcacc

atggcacceg

ggggthtCC

gaggaacttt

aacgagctgt

ttcaagcage

ctggacctgt

acgtgetect

ctgecccgac

acacgcecte

caccacctgt

cttectgtgt

ctgetggtga

atgttggacc

caatgaacag

tgcctteace

cagtagggag

tgccagtgge

aggatggtga

actgggggct

ttacatgtcet

gtggctggga

ttttaaaaag

taaacctatt

getgtatgaa

taggtectgte

taggtcctge

agaaaaagaa

cagagagtca

ctgctgacte

cctecagtygyg

gctgggagct

ggcaggtggt

aagtggcetgt

cagaaatgga

cctgcacgea

gggagtacct

acccagagga

gcatggagta

tggtgacaga

acatcgacta

aggcattatt

tgtgggagat

tcaagetget

acatgatgat

tggtggaaga

ccatgeeect

caggggagga

acccagccca

cccagactee

cegteectgt

ggcetgectt

gaggtgcaaa

aacacccectce

gcatgcaagt

cataagccce

gtcagtgett

ttattaattc

ggcgaaggcc

ctgtatatag

ttttaaaagg

ggcatcagtt

gtcatatatt

ttcagtttag

aagggtggga

ccgagggeac

acccagacct

gatgtctget

aggcccagea
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-continued

cagtgcatcc

gactcccatyg

gectegggac

gttggcagag

gaagatgttyg

gatgatgaag

ggatggtcce

gcaggcccgg

gecagctctee

tctggectee

ggacaatgtyg

ctataaaaag

tgaccggatc

cttcactetyg

gaaggagggt

gcgggactgc

cctggacege

ggaccagtac

ttecegtette

gettgecaat

accgtcaget

ccectttect

caccccactce

gaggcagatce

cctgecacca

gagagcttee

tcgcactetyg

cgtgectega

cgatactagt

aggttggggyg

ctatgaagaa

gtcgttacca

gctatatatt

ttttgctact

gtcectcaat

atgtccactg

cgcatgetee

cacgacgcac

tcgagggcag

gccatcegace

atgaactctg

ctagcagggg

agactggtct

gctateggge

aagtcggacyg

atgatcggga

ttgtatgtca

aggcccccag

tccaaggacc

aagaagtgca

atgaagatag

acaaccaacg

tacacccacc

ggcggetece

caccgcatgg

tggcatgcag

atcgtggect

tcceccaget

tctecatgage

ggcggactca

gtaaccctca

gctggcagga

agctcaccte

tttgctgeca

ggcactgect

tgagctttet

gtggcaggtg

ttgaaggtga

ttgctttget

cagtgttgtg

aacacaaagt

gagatttacc

aaaaacaaaa

tttgctgttt

aaaaattgct

gaaagaaggg

cggcgcaggt

ctecetgecte

gaaccccate

atggatggtt
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gggttettet

tctetgagta

taggcaaacc

tggacaagga

caacagagaa

agcataagaa

tcgtggagta

ggctggaata

tggtgtectyg

tacaccgaga

cagactttgg

gecgactgece

agagtgatgt

catacccegyg

acaagcccag

tgcecctcaca

tgacctccaa

ttceccgacac

cgectgeccga

aacgcegetyg

cccacagcecc

geeggetgece

tcecctecace

gccactteat

dgagggcagg

cctgteggtt

ccttgtecte

cctetgecee

gaccaaatgce

gCCCtggggC

gtataaatct

catcgggtaa

aagaaaaaaa

tattttttta

getgetteat

acacccacgg

tccttgtaac

tcecgetgett

catgcagtag

tcctecaagy

ggttceggeca

tgagcttece

cctgggagag

caaacccaac

agacttgtca

tatcatcaac

tgcctecaag

ctgctacaac

cgcctaccag

cctggeagece

cctegeacgyg

tgtgaagtgg

gtggtettte

tgtgcctgty

taactgcacc

gagacccace

ccaggagtac

ccggagetet

ggagccctge

actgccacce

ctgetgggece

taccagggge

tcctectecac

ccecteccag

gagtgggagce

tggtctgttt

agggctacag

agataggtgg

ctggtaccag

ccagccccaa

gagtatatat

gatgctcetg

aggaaaatgt

aattatgtte

ttatctatgg

gCCCtggggC

ctcttettee

ttggaaagtc

aggcgetggg

aaaccggtygyg

24



US 9,272,017 B2

25

-continued
ggttgggetyg gggagggggce acctacctag gaatagccac ggggtagagce

aagaggaaag caagggcgeg gttgctcacg cctgtaatce cagcactttg
gtgggcagat cacttcaggt caggagtttg agaccagcct ggecaactta
atctctacta aaaatgcaaa aattatccag gecatggtgge acacgectgt
ccacaggagg ctgaggcaga atcccttgaa getgggagge ggaggttgca
attgcgccat tgcactccag cctgggcaac agagaaaaca aaaaggaaaa
aggtctgcag aaactgaaac ccagacatgt gtctgeccce tcetatgtggg
ccagtgette taagtgcagg agaacatgte acctgagget agttttgeat
ggcttegttt cttgttggta tgcctcccca gatcgtectt cctgtatcca
ctgtatttgt tgggactgte geagatettg gettcttaca gttettectg
atcctgtece tcaggaacgg ggggaaaatt ctecgaatgt ttttggtttt
ggaatttact tctgccacct getggtcate actgtectea ctaagtggat
cegtacctca tggctcaaac taccactect cagtcegetat attaaagett
ggattactgc taaatacaaa agaaagttca atatgtttte atttetgtag
attgctgett taaatttetg agetagggat tttttggecag ctgcagtgtt
gtaaaattct ctttgtttcet ctctgtaaat agcacctget aacattacaa
tgtttaaaga aggcatcatt tggtgaacag aactaggaaa tgaattttta
gecatttgett tgagaccgca caggagtgte tttecttgta aaacagtgat
gecttggece taccttgaag caatgttgtg tgaagggatg aagaatctaa
aagtccttgg gagaggtget agaaaaatat aaggcactat cataattaca
tgctgttact actcaaatca cccacaaatt tccccaaaga ctgcgcetage

aagacagtga aattgacctg aaaaaaaaaa aaaaaaa

As described above, reference sequence ID number on
Genbank NM_ 023110 shows the nucleotide sequence for
human FGFRI1, transcript variant 1 (i.e. SEQ ID NO: 8) 40
encodes a protein with the amino acid sequence of SEQ ID
NO: 9 as follows:

mwswkellfwavlvtatictarpsptlpeqagpwgapvevesflvhp 45
gdllglrcrlrddvgsinwlrdgvglaesnrtritgeevevgdsvpa
dsglyacvtsspsgsdttyfsvnvsdalpssedddddddssseeket
dntkpnrmpvapywtspekmekklhavpaaktvkfkcpssgtpnptl 50
rwlkngkefkpdhriggykvryatwsiimdsvvpsdkgnytcivene
vgsinhtygldvversphrpilgaglpanktvalgsnvefmckvysd
paphigwlkhievngskigpdnlpyvgilktagvnttdkemevlhlr 55
nvsfedageytclagnsiglshhsawltvlealeerpavmtsplyle
iiiyctgafliscmvgsvivykmksgtkksdfhsgmavhklaksipl
rrgvtvsadssasmnsgvllvrpsrlsssgtpmlagvseyelpedpr 60
welprdrlvlgkplgegcfggvvlaeaigldkdkpnrvtkvavkmlk
sdatekdlsdlisememmkmigkhkniinllgactgdgplyviveya
skgnlreylgarrppgleycynpshnpeeglsskdlvscaygvargm

65
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tacagtgatt
ggacaccgag
gtgaaaccce
aatcccaget
gtgagccgag
caaatgatga
catggttttyg
tcaggtcect
tgtgaccaga
tccaaactce
ttggetgett
tctggetece
atattttgcet
ggaaaatggg
ggcgactatt
tttgtattta
gctcettaaaa
gataatttet
aagtcttcat
gtgatgtect

tgtcaaataa

-continued
ngrlpvkwmapealfdriythgsdvwsfgvllweiftlggspypgvp
veelfkllkeghrmdkpsnctnelymmmrdcwhavpsgrptfkglve
dldrivaltsngeyldlsmpldgyspsfpdtrsstcssgedsvishe
plpeepclprhpaglangglkrr

The protein encoded by this FGFR1, transcript variant 1
gene is a member of the fibroblast growth factor receptor
(FGFR) family, where amino acid sequences are highly con-
served between members and throughout evolution. FGFR
family members differ from one another in their ligand affini-
ties and tissue distribution. A full-length representative pro-
tein consists of an extracellular region, composed of three
immunoglobulin-like domains, a single hydrophobic mem-
brane-spanning segment, and a cytoplasmic tyrosine kinase
domain. The extracellular portion of the protein interacts with
fibroblast growth factors, setting in motion a cascade of
downstream signals, ultimately influencing mitogenesis and
differentiation. This particular family member binds both
acidic and basic fibroblast growth factors and is involved in
limb induction. Mutations in this gene have been associated
with Pfeiffer syndrome, Jackson-Weiss syndrome, Antley-
Bixler syndrome, osteoglophonic dysplasia, and autosomal
dominant Kallmann syndrome. See [toh et al., “The Complete
Amino Acid Sequence of the Shorter Form of Human Basic
Fibroblast Growth Factor Receptor Deduced from its cDNA,”
Biochem Biophys Res Commun 169(2): 680-685 (1990);
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Dode et al., “Kallmann Syndrome: Fibroblast Growth Factor
Signaling Insufficiency?” J Mol Med 82(11):725-34 (2004);
Coumoul et al., “Roles of FGF Receptors in Mammalian
Development and Congenital Diseases,” Birth Defects Res C
Embryo Today 69(4):286-304 (2003), which are hereby
incorporated by reference in their entirety. Alternatively,
spliced variants which encode different protein isoforms have
been described; however, not all variants have been fully
characterized.

The nucleic acid and amino acid sequences for FGFR1
variants 2-6 may be found using the following reference
sequence ID numbers on GenBank: FGFR1, transcript vari-
ant 2 (NM__015850), FGFR1, transcript variant 3 (NM__
023105), FGFRI1, transcript variant 4 (NM_ 023106),
FGFRI1, transcript variant 5 (NM__023107), FGFR1, tran-
script variant 6 (NM__023108), and FGFR1, transcript vari-
ant 9, (NM__023111). These sequences are hereby incorpo-
rated by reference in their entirety.

Hypophosphatemia may be due to renal phosphate wasting
(such as, autosomal dominant hypophosphatemic rickets
(ADHR), X-linked hypophosphatemia (XLH), autosomal
recessive hypophosphatemic rickets (ARHR), fibrous dyspla-
sia (FD), McCune-Albright syndrome complicated by fibrous
dysplasia (MAS/FD), Jansen’s metaphyseal chondrodyspla-
sia (Jansen’s Syndrome), autosomal dominant polycystic
kidney disease (ADPKD), tumor-induced osteomalacia
(TIO), and chronic metabolic acidosis), other inherited or
acquired renal phosphate wasting disorders, alcoholic and
diabetic ketoacidosis, acute asthma, chronic obstructive pul-
monary disease (COPD), drug treatment of COPD, sepsis,
recovery from organ (in particular, kidney) transplantation,
parenteral iron administration, salicylate intoxication, severe
trauma, chronic treatment with sucralfate and/or antacids,
mechanical ventilation, eating disorder (such as, anorexia
nervosa and bulimia nervosa), or the refeeding syndrome.

For each method, Klotho can have a nucleotide sequence of
SEQ ID NO:6 and the FGF23 may have a nucleotide
sequence of SEQ ID NO:2.

Administration of the inhibitor of FGF23-Klotho-FGF
receptor complex formation may be carried out orally,
parenterally, subcutaneously, intravenously, intramuscularly,
intraperitoneally, by intranasal instillation, by implantation,
by intracavitary or intravesical instillation, intraocularly,
intraarterially, intralesionally, transdermally, or by applica-
tion to mucous membranes. The inhibitor may be adminis-
tered with a pharmaceutically-acceptable carrier.

For the purpose of the present invention the following
terms are defined below.

The term “hypophosphatemia” refers to serum phosphate
concentration below the normal range of 2.2 to 4.9 mg/dl
(Dwyer et al., “Severe hypophosphatemia in postoperative
patients,” Nutr Clin Pract 7(6):279-283 (1992); Alon et al.,
“Calcimimetics as an adjuvant treatment for familial hypo-
phosphatemic rickets,” Clin J Am Soc Nephrol 3(3):658-664
(2008), which are hereby incorporated by reference in their
entirety).

The term “renal phosphate wasting” refers to an inherited
or acquired condition in which renal tubular reabsorption of
phosphate is impaired.

The term “disease” or “disorder” is used interchangeably
herein, and refers to any alteration in state of the body or of
some of the organs, interrupting or disturbing the perfor-
mance of the functions and/or causing symptoms such as
discomfort, dysfunction, distress, or even death to the person
afflicted or those in contact with a person. A disease or dis-
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order can also relate to a distemper, ailing, ailment, malady,
disorder, sickness, illness, complaint, inderdisposion, or
affectation.

The terms “treat”, “treating”, “treatment” and the like are
used interchangeably herein and mean obtaining a desired
pharmacological and/or physiological effect. The effect may
be prophylactic in terms of completely or partially preventing
a disease or symptom thereof and/or may be therapeutic in
terms of partially or completely curing a disease and/or
adverse effect attributed the disease. “Treating” as used
herein covers treating a disease in a vertebrate and particu-
larly a mammal and most particularly a human, and includes:
(a) preventing the disease from occurring in a subject which
may be predisposed to the disease but has not yet been diag-
nosed as having it; (b) inhibiting the disease, i.e. arresting its
development; or (c) relieving the disease, i.e. causing regres-
sion of the disease.

A “subject” can be any mammal, particularly farm animals,
mammalian pets, and humans.

The inhibitor used to treat hypophosphatemia may be the
C-terminal tail peptide of FGF23. The C-terminal tail peptide
of FGF23 has an amino acid sequence of SEQ ID NO:11 or
SEQ ID NO:12.

The sequences of FGF23'%¢-2! FGF23'#%-2°%  and
FGF232%2>! are listed in Table 1.

TABLE 1
Schematic representation of the
structure of FGF23 fragments

Name of

Peptide Amino Acid Sequence

FGF2328-251 asp llgsswggli hlytatarns yhlgihkngh

(SEQ ID NO: 10)vdgaphgtiy salmirseda gfvvitgvms
rrylemdfrg nifgshyfdp encrfghgtl
engydvyhsp gyhflvslgr akraflpgmn
pppysdflsr rneiplihfn tpiprrhtr
saeddserdpl nvlkprarmt papascsgel
psaednspma sdplgvvrgg rvnthaggtg
pegcrpfakfi

FGF23180-251 s aeddserdpl nvlkprarmt papascsgel

(SEQ ID NO: 11)psaednspma sdplgvvrgg rvnthaggtg
pegcrpfakf 1

FGF23180-205 s aeddserdpl nvlkprarmt papas

(SEQ ID NO: 12)

The invention is particularly directed toward targeting
FGF23-Klotho-FGF receptor complex formation which
makes it possible to treat patients which have experienced
hypophosphatemia associated with elevated or normal
FGF23 levels or which would be expected to experience
hypophosphatemia associated with elevated or normal
FGF23 levels and thus is particularly directed towards pre-
venting, inhibiting, or relieving the effects of hypophos-
phatemia. A subject is “treated” provided the subject experi-
ences a therapeutically detectable and beneficial effect, which
may be measured based on a variety of different criteria
generally understood by those skilled in the art to be desirable
with respect to the treatment of diseases related to hypophos-
phatemia.

The compounds of the present invention can be adminis-
tered alone or with suitable pharmaceutical carriers, and can
be in solid or liquid form such as, tablets, capsules, powders,
solutions, suspensions, or emulsions.

The active compounds of the present invention may be
orally administered, for example, with an inert diluent, or
with an assimilable edible carrier, or they may be enclosed in
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hard or soft shell capsules, or they may be compressed into
tablets, or they may be incorporated directly with the food of
the diet. For oral therapeutic administration, these active
compounds may be incorporated with excipients and used in
the form of'tablets, capsules, elixirs, suspensions, syrups, and
the like. Such compositions and preparations should contain
at least 0.1% of active compound. The percentage of the
compound in these compositions may, of course, be varied
and may conveniently be between about 2% to about 60% of
the weight of the unit. The amount of active compound in such
therapeutically useful compositions is such that a suitable
dosage will be obtained. Preferred compositions according to
the present invention are prepared so that an oral dosage unit
contains between about 1 and 250 mg of active compound.

Thetablets, capsules, and the like may also contain a binder
such as gum tragacanth, acacia, corn starch, or gelatin; excipi-
ents such as dicalcium phosphate; a disintegrating agent such
as corn starch, potato starch, alginic acid; a lubricant such as
magnesium stearate; and a sweetening agent such as sucrose,
lactose, or saccharin. When the dosage unit form is a capsule,
it may contain, in addition to materials of the above type, a
liquid carrier, such as a fatty oil.

Various other materials may be present as coatings or to
modify the physical form of the dosage unit. For instance,
tablets may be coated with shellac, sugar, or both. A syrup
may contain, in addition to active ingredient, sucrose as a
sweetening agent, methyl and propylparabens as preserva-
tives, a dye, and flavoring such as cherry or orange flavor.

These active compounds may also be administered
parenterally. Solutions or suspensions of these active com-
pounds can be prepared in water suitably mixed with a sur-
factant, such as hydroxypropylcellulose. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols, and mix-
tures thereof in oils. Illustrative oils are those of petroleum,
animal, vegetable, or synthetic origin, for example, peanut
oil, soybean oil, or mineral oil. In general, water, saline,
aqueous dextrose and related sugar solution, and glycols such
as, propylene glycol or polyethylene glycol, are preferred
liquid carriers, particularly for injectable solutions. Under
ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth of microorgan-
isms.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject-
able solutions or dispersions. In all cases, the form must be
sterile and must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (e.g., glycerol, propylene
glycol, and liquid polyethylene glycol), suitable mixtures
thereof, and vegetable oils.

The compounds of the present invention may also be
administered directly to the airways in the form of an aerosol.
For use as aerosols, the compounds of the present invention in
solution or suspension may be packaged in a pressurized
aerosol container together with suitable propellants, for
example, hydrocarbon propellants like propane, butane, or
isobutane with conventional adjuvants. The materials of the
present invention also may be administered in a non-pressur-
ized form such as in a nebulizer or atomizer.

The compounds of the present invention may also be
administered directly to the airways in the form of a dry
powder. For use as a dry powder, the compounds of the
present invention may be administered by use of an inhaler.
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Exemplary inhalers include metered dose inhalers and dry
powdered inhalers. A metered dose inhaler or “MDI” is a
pressure resistant canister or container filled with a product
such as a pharmaceutical composition dissolved in a liquefied
propellant or micronized particles suspended in a liquefied
propellant. The correct dosage of the composition is delivered
to the patient. A dry powder inhaler is a system operable with
a source of pressurized air to produce dry powder particles of
a pharmaceutical composition that is compacted into a very
small volume. For inhalation, the system has a plurality of
chambers or blisters each containing a single dose of the
pharmaceutical composition and a select element for releas-
ing a single dose.

Suitable powder compositions include, by way of illustra-
tion, powdered preparations of the active ingredients thor-
oughly intermixed with lactose or other inert powders accept-
able for intrabronchial administration. The powder
compositions can be administered via an aerosol dispenser or
encased in a breakable capsule which may be inserted by the
patient into a device that punctures the capsule and blows the
powder out in a steady stream suitable for inhalation. The
compositions can include propellants, surfactants and co-
solvents and may be filled into conventional aerosol contain-
ers that are closed by a suitable metering valve.

A second aspect of the present invention relates to amethod
of screening for compounds suitable for treatment of hypo-
phosphatemia associated with elevated or normal FGF23 lev-
els. This method involves providing: FGF23, binary FGFR-
Klotho complex, and one or more candidate compounds. The
FGF23, the FGFR-Klotho complex, and the candidate com-
pounds are combined under conditions effective for the
FGF23 and the binary FGFR-Klotho complex to form a ter-
nary complex if present by themselves. The candidate com-
pounds, which prevent formation of the complex, are identi-
fied as being potentially suitable in treating
hypophosphatemia associated with elevated or normal
FGF23 levels.

For this method, a plurality of candidate compounds may
be tested.

The candidate compound is contacted with an assay system
according to the selected assay system and candidate com-
pound. For example, in an in vitro cell culture system, the
candidate compound may be added directly to the cell culture
medium, or the cells may be transfected with the candidate
compound, etc.

Surface plasmon resonance (SPR) spectroscopy is an in
vitro method used to determine physical interaction between
two or more proteins. SPR spectroscopy is useful for confirm-
ing the existence of a protein:protein interaction predicted by
other research techniques (e.g., co-immunoprecipitation,
yeast two-hybrid and density gradient centrifugation). The
minimal requirement for SPR spectroscopy is the availability
of purified proteins, one of which will be coupled to the
surface of a biosensor chip.

Size-exclusion chromatography is another in vitro method
used to determine physical interaction between two or more
proteins. Size-exclusion chromatography is useful for con-
firming the existence of a protein:protein interaction pre-
dicted by other research techniques (e.g., co-immunoprecipi-
tation, yeast two-hybrid and density gradient centrifugation).
The minimal requirement for size-exclusion chromatography
is the availability of purified proteins.

A pull-down assay is yet another in vitro method used to
determine physical interaction between two or more proteins.
Pull-down assays are useful for confirming the existence of a
protein:protein interaction predicted by other research tech-
niques (e.g., co-immunoprecipitation, yeast two-hybrid and
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density gradient centrifugation). The minimal requirement
for a pull-down assay is the availability of a purified and
tagged protein which will be used to capture and ‘pull-down’
a protein-binding partner.

A variety of interaction or binding assays can be used to
determine that an agent specifically binds the binary FGFR-
Klotho complex, such as the SPR interaction analysis
described below. One aspect of the present invention utilizes
SPR analysis of FGF23 protein/peptide binding to the binary
FGFR-Klotho complex. The SPR analysis involved FGF23
protein/peptide immobilization by amine coupling on flow
channels of a chip. Proteins were injected over the chip at a
flow rate of 50 ul min~", and at the end of each protein
injection (180 s), HBS-EP bufter (10 mM HEPES-NaOH, pH
7.4, 150 mM NaCl, 3 mM EDTA, 0.005% (v/v) polysorbate
20; 50 pl min') was flowed over the chip to monitor disso-
ciation for 180 s. The chip surface was then regenerated by
injecting 50 pl of 2.0 M NaCl in 10 mM sodium acetate, pH
4.5. To control for nonspecific binding, FHF1B, which shares
structural similarity with FGFs but does not exhibit any
FGFR binding, was coupled to the control flow channel ofthe
chip. For each protein injection over a FGF23 protein/peptide
chip, the nonspecific responses from the FHF1B control flow
channel were subtracted from the responses recorded for the
flow channel onto which FGF23 protein/peptide was immo-
bilized. To analyze FGF23 binding to the binary FGFR1c-
Klotho complex, FGF23?*2°! was coupled to a chip, and
increasing concentrations of 1:1 complex of the ectodomains
of FGFR1c and Klotho in HBS-EP buffer were passed over
the chip. To measure binding of the C-terminal tail of FGF23
to the binary FGFR1c-Klotho complex, FGF23'%%2*! was
immobilized on a chip, and increasing concentrations of 1:1
complex of the ectodomains of FGFR1¢ and Klotho in HBS-
EP buffer were passed over the chip. To examine whether the
C-terminal tail of FGF23 can compete with full-length
FGF23 for binding to the binary FGFR1c-Klotho complex,
FGF232%2*! was immobilized on a chip. Increasing concen-
trations of FGF23'#°-2! were mixed with a fixed concentra-
tion of 1:1 complex of the ectodomains of FGFR1¢ and
Klotho in HBS-EP bufter, and the mixtures were passed over
the chip. As a control, competition of FGF23 in solution with
immobilized FGF23 for binding to the binary FGFRI1c-
Klotho complex was studied. Increasing concentrations of
FGF23°%2*! were mixed with a fixed concentration of 1:1
complex of the ectodomains of FGFR1¢ and Klotho in HBS-
EP buffer, and the mixtures were passed over the FGF23 chip.
Competition of the FGF23 C-terminal tail peptide with full-
length FGF23 for binding to the binary FGFR1¢-Klotho com-
plex was also studied using the “reverse” SPR assay format,
where FGF23'%39-2*! was immobilized on a chip and mixtures
of'a fixed concentration of 1:1 complex of the ectodomains of
FGFRI1c and Klotho with increasing concentrations of
FGF232%2%! were passed over the chip. As a control, compe-
tition of FGF23 C-terminal tail peptide in solution with
immobilized FGF23 C-terminal tail peptide for binding to the
binary FGFR1c-Klotho complex was analyzed. Increasing
concentrations of FGF23'%%>>! were mixed with a fixed con-
centration of 1:1 complex of the ectodomains of FGFR1c and
Klotho in HBS-EP bufter, and the mixtures were passed over
the FGF23'%°-2%! chip. To verify the specificity of the inter-
action between the FGF23 C-terminal tail and the FGFR1c-
Klotho complex, FGF23%*2°! was immobilized on a chip.
Increasing concentrations of FGF21* %52 were mixed with a
fixed concentration of 1:1 complex of the ectodomains of
FGFR1c¢ and Klotho in HBS-EP buffer, and the mixtures were
passed over the chip. In addition, the ability of the FGF23
C-terminal tail peptide to interfere with binary complex for-
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mation between fKlotho and either FGF19 or FGF21 was
tested, as was its ability to interfere with ternary complex
formation between Klotho, FGFR, and either FGF19 or
FGF21. FGF19>*'® and FGF21?°2°° were immobilized on
two flow channels of a chip. FGF23'%°-2! and the
ectodomain of pKlotho were mixed at a molar ratio of 2:1,
and the mixture was injected over the chip. Next, FGF23'%°-
251 and the 1:1 complex of the ectodomains of FGFR1c¢ and
pKlotho were mixed at a molar ratio of 10:1, and the mixture
was passed over the FGF19/FGF21 chip. To examine whether
a C-terminal FGF23 peptide comprising the minimal binding
epitope for the binary FGFR-Klotho complex can compete
with full-length FGF23 for binding to FGFR1c-Klotho,
increasing concentrations of FGF23'8%-2%% were mixed with a
fixed concentration of 1:1 complex of the ectodomains of
FGFR1c and Klotho in HBS-EP buffer, and the mixtures were
passed over a chip onto which FGF232*2%! had been immo-
bilized.

Size-exclusion chromatography may also be used to deter-
mine that an agent specifically binds the binary FGFR-Klotho
complex. One aspect of the present invention utilizes size-
exclusion chromatography. The size-exclusion chromatogra-
phy experiments were performed on a Hil.oad™ 16/60
Superdex™ 200 prep grade column. Because of poor solu-
bility of FGF23 proteins and FGFR1¢ ectodomain in low salt
buffer, the experiments were carried out with 25 mM HEPES-
NaOH butffer, pH7.5, containing 1.0 M NaCl. Sample injec-
tion volume was 0.3 to 1.0 ml, and the flow rate was 1.0 ml
min~'. Protein retention times were determined by absor-
bance at 280 nm. The column was calibrated with ferritin (440
kDa), immunoglobulin G (150 kDa), albumin (69.3 kDa),
ovalbumin (44.3 kDa), and carbonic anhydrase (28.8 kDa).
The void volume was determined using blue dextran 2,000.
To examine binding of FGF23 proteins to the 1:1 binary
complex of the ectodomains of FGFR1c and Klotho,
FGFR1c-Klotho complex was mixed with a slight molar
excess of either FGF23*%2°! or FGF23**'7° or FGF23'%*-
251, and the mixtures were applied to the size-exclusion col-
umn. The retention time of the FGFR1c-Klotho complex
alone served as a reference point. Proteins of column peak
fractions were resolved on 14% SDS-polyacrylamide gels,
and then stained with Coomassie Brilliant Blue R-250.

A pull-down assay may also be used to confirm the exist-
ence of a protein:protein interaction (i.e. FGF23'%%-2*! bind-
ing to the binary FGFR-Klotho complex). One aspect of the
present invention utilizes pull-down assays. These assays
involved subconfluent cultures of a HEK293 cell line ectopi-
cally expressing the FLAG-tagged membrane-spanning form
of murine Klotho, which were harvested and lysed. Cell
lysate was incubated with FGF232%2%! FGF232%2%
FGF232%17% FGF23'%%-2%! or protein sample buffer, and
binary complexes of Klotho and endogenous FGFR were
isolated from cell lysate using anti-FLLAG M2 agarose beads.
Bead-bound proteins were resolved together with controls
(FGF23 protein) on 14% SDS-polyacrylamide gels, trans-
ferred to nitrocellulose membranes, and labeled using horse-
radish peroxidase-conjugated India-His Probe.

Co-immunoprecipitation may also be used to determine
that an agent specifically binds the binary FGFR-Klotho com-
plex. One aspect of the present invention utilizes co-immu-
noprecipitation studies. Subconfluent cultures of a HEK293
cell line ectopically expressing the FLLAG-tagged membrane-
spanning form of murine Klotho were transfected with
expression vectors for V5-tagged FGFRI1c, FGFR3c, or
FGFR4. Two days later, the cells were lysed, and FGFR-
Klotho complexes were isolated from cell lysate using anti-
V5 agarose beads. The beads were then incubated with either
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FGF23'89-25! or FGF23%%2%! alone, or with mixtures of
FGF23%%2%! with either increasing FGF23'#%-2>! or increas-
ing FGF23'%°-2°5, Bead-bound proteins were resolved on
SDS-polyacrylamide gels, transferred to nitrocellulose mem-
branes, and labeled using antibodies to Klotho, FGF23, and
V5 epitope tag.

Serum FGF23 level may be evaluated in an individual with
hypophosphatemia by immunoassay. This includes two kinds
of enzyme linked immunoabsorbant assay (ELISA): a full-
length assay that detects only full-length FGF23 with phos-
phate-lowering activity and a C-terminal assay that measures
full-length as well as C-terminal fragment of FGF23. The
FGF23 gene may be analyzed by direct sequencing of PCR
products, and mutant FGF23 may be analyzed by Western
blotting using two kinds of monoclonal antibodies that rec-
ognize N- and C-terminal portion of the processing site of
FGF23 after expression in mammalian cells.

In addition to full-length peptides, the present invention
provides for peptides having the biological activity of FGF23,
as defined herein. One skilled in the art would appreciate,
based on the sequences disclosed herein, that overlapping
fragments of FGF23 can be generated using standard recom-
binant technology, for example, that described in Sambrook
etal. (Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, New York, 1989) and Ausubel et al.
(Current Protocols in Molecular Biology, Green & Wiley,
New York, 1997), which are hereby incorporated by reference
in their entirety. One skilled in the art would appreciate, based
on the disclosure presented herein, that the biological activity
of FGF23 fragments could be tested by injecting the material
into mice and evaluating whether injected mice exhibit
increased renal phosphate excretion and hypophosphatemia.
Induction of phosphate excretion and hypophosphatemia
would serve as an indication that the FGF23 fragment
retained biological activity. In addition, in vitro assays can be
used to test FGF23 biological activity. For example, isolated
renal tubules may be perfused with FGF23 fragments and
evaluated for alterations in phosphate transport, relative to
wild-type FGF23. Similarly, cell culture models which pos-
sess the necessary FGF23 signal transduction machinery (i.e.
FGF receptor 1, Klotho, and type 11 sodium-dependent phos-
phate transporter) may be transfected with FGF23 fragments
and subsequently tested for alterations in phosphate trans-
port, relative to wild-type FGF23.

In situ hybridization assays are used to measure the level of
expression for normal cells and suspected cells from a tissue
sample. Labelling of the nucleic acid sequence allows for the
detection and measurement of relative expression levels. By
comparing the level of expression between normal cells and
suspected cells from a tissue sample, candidate compounds
suitable for treatment of hypophosphatemia associated with
elevated or normal FGF23 may be identified by the reduced
expression level of the gene product.

An approach to detecting the presence of a given sequence
or sequences in a polynucleotide sample involves selective
amplification of the sequence(s) by polymerase chain reac-
tion. PCR is described in U.S. Pat. No. 4,683,202 to Mullis et
al. and Saiki et al., “Enzymatic Amplification of Beta-globin
Genomic Sequences and Restriction Site Analysis for Diag-
nosis of Sickle Cell Anemia,” Science 230:1350-1354 (1985),
which are hereby incorporated by reference in their entirety.
In this method, primers complementary to opposite end por-
tions of the selected sequence(s) are used to promote, in
conjunction with thermal cycling, successive rounds of
primer-initiated replication. The amplified sequence(s) may
be readily identified by a variety of techniques. This approach
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is particularly useful for detecting candidate compounds suit-
able for treatment of hypophosphatemia associated with
elevated or normal FGF23.

The present invention also relates to a method of screening
the specificity of compounds which prevent formation of the
FGF23-Klotho-FGFR complex. This method involves pro-
viding FGF19, providing binary FGFR-pKlotho complex,
and providing one or more candidate compounds. The
FGF19, the binary FGFR-pKlotho complex, and the candi-
date compounds are combined under conditions effective for
the FGF19 and the binary FGFR-pKlotho complex to form a
ternary complex if present by themselves. Candidate com-
pounds which do not interfere with formation of the complex
are identified as being specific and potentially suitable in
treating hypophosphatemia associated with elevated or nor-
mal FGF23 levels.

This aspect of the present invention is carried out with
many of the procedures described with respect to the screen-
ing method of the second aspect of the present invention as
described above. FGF19 can be replaced with FGF21. The
FGF receptor may have the amino acid sequence of SEQ ID
NO:9. This aspect of the present invention can be carried out
using surface plasmon resonance spectroscopy.

EXAMPLES

The following examples are provided to illustrate embodi-
ments of the present invention but are by no means intended
to limit its scope.

Materials and Methods for Examples 1-8

Purification of FGF19, FGF21, FGF23, FGFR, Klotho and
pKlotho Proteins and Purification/Synthesis of FGF21 and
FGF23 Peptides

Human FGF19 (R23 to K216, referred to as FGF1923-219),
human FGF21 (H29 to S209, referred to as FGF212°-2°%),
human FGF23 (A28 to 1251, referred to as FGF232%2%!; FIG.
1A) and C-terminally truncated FGF23 proteins (A28 to
T200, referred to as FGF23%%2°°; A28 to R179, referred to as
FGF232%17%; FIG. 1A) were expressed in E. coli, refolded in
vitro, and purified by published protocols (Ibrahimi et al.,
“Biochemical Analysis of Pathogenic Ligand-dependent
FGFR2 Mutations Suggests Distinct Pathophysiological
Mechanisms for Craniofacial and Limb Abnormalities,” Hum
Mol Gener 13(19):2313-2324 (2004), Plotnikov et al., “Crys-
tal Structures of Two FGF-FGFR Complexes Reveal the
Determinants of Ligand-receptor Specificity,” Cell 101(4):
413-424 (2000), which are hereby incorporated by reference
in their entirety). In order to minimize proteolysis of
FGF23%%2°! and FGF23%*-2°°, arginine residues 176 and 179
of the proteolytic cleavage site *’°RXXR'” (SEQ ID NO: 1)
were replaced with glutamine as it occurs in ADHR (Anony-
mous, “Autosomal Dominant Hypophosphataemic Rickets is
Associated with Mutations in FGF23,” Nar Genet 26(3):345-
348 (2000); White et al., “Autosomal-dominant Hypophos-
phatemic Rickets (ADHR) Mutations Stabilize FGF-23,”
Kidney Int 60(6):2079-2086 (2001), which are hereby incor-
porated by reference in their entirety). The bacterially
expressed FGF232%2%! protein exhibited similar bioactivity
as full-length FGF23 produced using a mammalian expres-
sion system, as judged by similar ability of the two protein
preparations to induce tyrosine phosphorylation of FRS2a
and downstream activation of MAP kinase cascade in a
HEK293 cell line ectopically expressing the membrane-span-
ning form of murine Klotho (Kurosu et al., “Regulation of
fibroblast growth factor-23 signaling by klotho,” J Biol Chem
281(10):6120-6123 (2006), which is hereby incorporated by
reference in its entirety). Human fibroblast growth factor
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homologous factor 1B (FHF 1B) was purified by a published
protocol (Olsen et al., “Fibroblast growth factor (FGF)
homologous factors share structural but not functional
homology with FGFs,” J Biol Chem 278(36):34226-34236
(2003), which is hereby incorporated by reference in its
entirety). Purified human FGF2 (M1 to S155) was obtained
from Upstate Biotechnology. The ligand-binding domain of
human FGFR1c (D142 to R365) was expressed in E. coli and
purified by published protocols (Anonymous, “Autosomal
Dominant Hypophosphataemic Rickets is Associated with
Mutations in FGF23,” Nat Genet 26(3):345-348 (2000);
White et al., “Autosomal-dominant Hypophosphatemic Rick-
ets (ADHR) Mutations Stabilize FGF-23,” Kidney Int 60(6):
2079-2086 (2001), which are hereby incorporated by refer-
ence in their entirety). The ectodomain of murine Klotho
(A35 to K982) was purified from culture media of a HEK293
cell line ectopically expressing the Klotho ectodomain as a
fusion protein with a C-terminal FLAG tag (Kurosu et al.,
“Regulation of fibroblast growth factor-23 signaling by
klotho,” J Biol Chem 281(10):6120-6123 (2006); Kurosu et
al., “Suppression of aging in mice by the hormone Klotho,”
Science 309(5742):1829-1833 (2005), which are hereby
incorporated by reference in their entirety). Similarly, the
ectodomain of murine pKlotho (F53 to L.995) was expressed
in HEK293 cells as a fusion protein with a C-terminal FLAG
tag and purified using the same protocol as for the Klotho
ectodomain. Purified bovine $-glucuronidase was obtained
from Sigma-Aldrich.

The N-terminally hexahistidine-tagged, 72-amino acid
C-terminal tail of human FGF23 (S180 to 1251, referred to as
FGF23'8%-2°1, F1G. 1A) was expressed in E. coli, and purified
by nickel affinity-, ion-exchange- and size-exclusion chro-
matographies. A shorter peptide of the FGF23 C-terminal
region (S180 to S205, referred to as FGF23'%%2%%; FIG. 1A)
was synthesized by solid phase synthesis (GenScript Corpo-
ration). The N-terminally hexahistidine-tagged, 42-amino
acid long C-terminal tail of FGF21 (P168 to S209, referred to
as FGF21'9%2%) was expressed in E. coli, and purified by
nickel affinity- and ion-exchange chromatographies.
Analysis of FGF23-FGFR1c¢c-Klotho Interactions by Surface
Plasmon Resonance Spectroscopy

Surface plasmon resonance (SPR) spectroscopy experi-
ments were performed on a Biacore 2000 instrument (Biacore
AB), and FGF23-FGFR1c-Klotho interactions were studied
at 25° C. in HBS-EP buffer (10 mM HEPES-NaOH, pH 7.4,
150 mM NaCl, 3 mM EDTA, 0.005% (v/v) polysorbate 20).
Proteins were immobilized by amine coupling on flow chan-
nels of research grade CMS chips (Biacore AB). Proteins
were injected over a CMS chip at a flow rate of 50 ul min™,
and at the end of each protein injection (180 s), HBS-EP
buffer (50 ul min~') was flowed over the chip to monitor
dissociation for 180 s. The chip surface was then regenerated
by injecting 50 ul of2.0 M NaClin 10 mM sodium acetate, pH
4.5. To control for nonspecific binding in experiments where
Klotho ectodomain was immobilized on the chip, p-glucu-
ronidase was coupled to the control flow channel of the chip
(~26-32 fmole/mm?) Like Klotho, f-glucuronidase is a mem-
ber of family 1 glycosidases, and hence structurally related to
each of the two extracellular glycosidase-like domains of
Klotho. In experiments where FGF19, FGF21, FGF23 or the
C-terminal tail of FGF23 were immobilized on the chip,
FHF1B, which shares structural similarity with FGFs but
does not exhibit any FGFR binding (Olsen et al., “Fibroblast
growth factor (FGF) homologous factors share structural but
not functional homology with FGFs,” J Biol Chem 278(36):
34226-34236 (2003), which is hereby incorporated by refer-
ence in its entirety), was coupled to the control flow channel
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of the chip (~14-71 fmole/mm?®) The data were processed
with BiaEvaluation software (Biacore AB). For each protein
injection over a Klotho chip, the nonspecific responses from
the p-glucuronidase control flow channel were subtracted
from the responses recorded for the Klotho flow channel.
Similarly, for each protein injection over a FGF chip, the
nonspecific responses from the FHF 1B control flow channel
were subtracted from the responses recorded for the FGF flow
channel. Each set of experiments was repeated at least three
times, and for each experiment, at least two protein injections
were repeated two to five times to monitor chip performance
and to verity reproducibility of the binding responses.

To analyze Klotho binding to FGFR1¢, Klotho ectodomain
was immobilized on a chip (~29-35 fimole/mm? of flow chan-
nel). Increasing concentrations of FGFR1c¢ ectodomain in
HBS-EP buffer were injected over the chip. Maximal equi-
librium responses were plotted against the concentrations of
FGFRI1c ectodomain (FIG. 1B), and from the fitted saturation
binding curve the equilibrium dissociation constant (K ,,) was
calculated. The fitted binding curve was judged to be accurate
based on the distribution of the residuals (even and near zero)
and %* (<10% of R, ).

To analyze FGF23 binding to both Klotho and FGFR1c
alone, and to the binary FGFR1c-Klotho complex, FGF232*
251 was coupled to a chip (~16-53 fmole/mm? of flow chan-
nel). To measure FGF23 binding to Klotho, increasing con-
centrations of Klotho ectodomain in HBS-EP buffer were
passed over the chip. To analyze FGF23 interaction with
FGFRIc, increasing concentrations of FGFR1c ectodomain
in HBS-EP buffer were injected over the chip. To measure
FGF23 binding to the binary FGFR1c-Klotho complex,
increasing concentrations of 1:1 complex of the ectodomains
of FGFR1c and Klotho in HBS-EP buffer were passed over
the FGF23 chip.

To analyze binding of the C-terminal tail of FGF23 to the
binary FGFR1¢-Klotho complex, FGF23'%%2%! was immo-
bilized on a chip (~48 fmole/mm® of flow channel), and
increasing concentrations of 1:1 complex of the ectodomains
of FGFR1c and Klotho in HBS-EP buffer were passed over
the chip.

To examine whether the C-terminal tail of FGF23 can
compete with full-length FGF23 for binding to the binary
FGFR1c-Klotho complex, two assay formats were employed.
In one assay, FGF232%-2%! was immobilized on a chip (~16-53
fmole/mm* of flow channel). Increasing concentrations of
FGF23'8°-231 (0-400 nM) were mixed with a fixed concen-
tration of 1:1 complex of the ectodomains of FGFR1c¢ and
Klotho (10 nM, 15 nM and 20 nM, respectively) in HBS-EP
buffer, and the mixtures were passed over the chip. As a
control, competition of FGF23 in solution with immobilized
FGF23 for binding to the binary FGFR1c-Klotho complex
was studied. Increasing concentrations of FGF232%-°* (0-50
nM) were mixed with a fixed concentration of 1:1 complex of
the ectodomains of FGFR1c and Klotho (15 nM and 20 nM,
respectively) in HBS-EP buffer, and the mixtures were passed
over the FGF23 chip. In the other—reverse—assay,
FGF23'8%-2°! was immobilized on a chip (~48.4 fmole/mm?>
of flow channel). Increasing concentrations of FGF232%-2%!
(0-50 nM) were mixed with a fixed concentration of 1:1
complex of the ectodomains of FGFR1¢ and Klotho (20 nM)
in HBS-EP buffer, and the mixtures were passed over the
chip. As a control, competition of FGF23 C-terminal tail
peptide in solution with immobilized FGF23 C-terminal tail
peptide for binding to the binary FGFR1c-Klotho complex
was studied. Increasing concentrations of FGF23!%9-251
(0-400 nM) were mixed with a fixed concentration of 1:1
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complex of the ectodomains of FGFR1¢c and Klotho (20 nM)
in HBS-EP buffer, and the mixtures were passed over the
FGF23'%9-2%! chip.

To examine whether a C-terminal FGF23 peptide compris-
ing the minimal binding epitope for the binary FGFR-Klotho
complex can compete with full-length FGF23 for binding to
FGFR1c-Klotho, increasing concentrations of FGF23'8¢-293
(0-800 nM) were mixed with a fixed concentration of 1:1
complex of the ectodomains of FGFR1¢ and Klotho (15 nM
and 20 nM, respectively) in HBS-EP buffer, and the mixtures
were passed over a chip onto which FGF23%%2°! had been
immobilized (~16 fmole/mm? of flow channel).

To examine whether the C-terminal tail of FGF21 can
compete with full-length FGF23 for binding to binding to the
binary FGFR1¢-Klotho complex, FGF232%2%! was immobi-
lized on a chip (~16 fimole/mm? of flow channel). FGF21'5%-
200 was mixed with the 1:1 complex of the ectodomains of
FGFR1c¢ and Klotho at molar ratios of 6:1 and 10:1, and the
mixtures were passed over the chip.

To examine whether the C-terminal tail peptide of FGF23
interferes with binary complex formation between fKlotho
and either FGF19 or FGF21, FGF19>*-2!® and FGF21%°-2%°
were immobilized on two flow channels of a chip (~29 fmole/
mm? of flow channel). FGF23'%%-?*! and the ectodomain of
pKlotho were mixed at a molar ratio of 2:1, and the mixture
was injected over the chip.

To examine whether the C-terminal tail peptide of FGF23
interferes with ternary complex formation between pKlotho,
FGFR, and either FGF19 or FGF21, FGF23'8-25 and the 1:1
complex of the ectodomains of FGFR1c¢ and Klotho were
mixed at a molar ratio of 10:1, and the mixture was passed
over a chip onto which FGF19?>*!® and FGF21*°-*°° had
been immobilized (~29 fmole/mm? of flow channel).
Analysis of FGF23 Protein/Peptide Binding to FGFRIc-
Klotho Complex by Size-Exclusion Chromatography

Size-exclusion chromatography experiments were per-
formed on a Hil.oad™ 16/60 Superdex™ 200 prep grade
column (GE Healthcare) mounted on an AKTApurifier (GE
Healthcare). Because of poor solubility of FGF23 proteins
and FGFR1c ectodomain in low salt buffer, the experiments
were carried out with 25 mM HEPES-NaOH butfer, pH7.5,
containing 1.0 M NaCl. Sample injection volume was 0.3 to
1.0 ml, and the flow rate was 1.0 ml min~". Protein retention
times were determined by absorbance at 280 nm. The column
was calibrated with ferritin (440 kDa), immunoglobulin G
(150 kDa), albumin (69.3 kDa), ovalbumin (44.3 kDa), and
carbonic anhydrase (28.8 kDa). The void volume was deter-
mined using blue dextran 2,000. To examine binding of
FGF23 proteins to the 1:1 binary complex of the ectodomains
of FGFR1c¢ and Klotho, 1.0 to 3.0 umol of FGFR1c-Klotho
complex were mixed with a 3- to 5-fold molar excess of either
FGF2328-25! or FGF232%-17° or FGF23'89-251 and the mix-
tures were applied to the size-exclusion column. The reten-
tion time of the FGFR1c-Klotho complex alone served as a
reference point. Proteins of column peak fractions were
resolved on 14% SDS-polyacrylamide gels, and then stained
with Coomassie Brilliant Blue R-250.

Cell Culture-Pull-Down Assays of FGF23 Protein/Peptide
Binding to FGFR-Klotho Complex

Subconfluent cultures of a HEK293 cell line ectopically
expressing the FLAG-tagged membrane-spanning form of
murine Klotho (HEK293-Klotho; Kurosu et al., “Regulation
of Fibroblast Growth Factor-23 Signaling by Klotho,” J Bio/
Chem 281(10):6120-6123 (2006), which is hereby incorpo-
rated by reference in its entirety), were harvested and lysed
(Goetz et al., “Molecular Insights into the Klotho-dependent,
Endocrine Mode of Action of Fibroblast Growth Factor 19
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Subfamily Members,” Mol Cell Biol 27(9):3417-3428
(2007), which is hereby incorporated by reference in its
entirety). Cell lysate was incubated with 2.7 nmoles of
FGF23°%2%! FGF23%%2°°, FGF232%'7°, FGF23'%0%!, or
protein sample buffer, and binary complexes of Klotho and
endogenous FGFR were isolated from cell lysate using anti-
FLAG M2 agarose beads (Sigma-Aldrich) (Goetz et al.,
“Molecular Insights into the Klotho-dependent, Endocrine
Mode of Action of Fibroblast Growth Factor 19 Subfamily
Members,” Mol Cell Biol 27 (9):3417-3428 (2007), which is
hereby incorporated by reference in its entirety). Bead-bound
proteins were resolved together with controls (130 to 250 ng
of each FGF23 protein) on 14% SDS-polyacrylamide gels,
transferred to nitrocellulose membranes, and labeled using
horseradish peroxidase-conjugated India-HisProbe (Pierce).

In parallel, subconfluent HEK293-Klotho cells (Kurosu et
al., “Regulation of Fibroblast Growth Factor-23 Signaling by
Klotho,” J Biol Chem 281(10):6120-6123 (2006), which is
hereby incorporated by reference in its entirety) were trans-
fected with expression vectors for V5-tagged FGFRIec,
FGFR3c, or FGFR4 (Kurosu et al., “Regulation of Fibroblast
Growth Factor-23 Signaling by Klotho,” J Bio/ Chem 281
(10):6120-6123 (2006), which is hereby incorporated by ref-
erence in its entirety) and binding of FGF23 proteins/peptides
to Klotho-FGFR complexes isolated from cell lysate was
analyzed. Two days later, the cells were lysed (Kurosu et al,
“Suppression of Aging in Mice by the Hormone Klotho,”
Science 309(5742):1829-1833 (2005), which is hereby incor-
porated by reference in its entirety), and FGFR-Klotho com-
plexes were isolated from cell lysate using anti-V'5 agarose
beads (Sigma-Aldrich) (Kurosu et al., “Regulation of Fibro-
blast Growth Factor-23 Signaling by Klotho,” J Bio/ Chem
281(10):6120-6123 (2006), which is hereby incorporated by
reference in its entirety). The beads were then incubated with
either FGF23%9-2%! (1 nM) or FGF232*2°! (1 nM) alone, or
with mixtures of FGF232*-2! (1 nM) with either increasing
FGF23'8%-2°1 (2 to 76 nM) or increasing FGF23'8°-2°% (0.1 to
10 uM). Bead-bound proteins were resolved on SDS-poly-
acrylamide gels, transferred to nitrocellulose membranes,
and labeled using antibodies to Klotho (KM2119, (Katoetal.,
“Establishment of the Anti-Klotho Monoclonal Antibodies
and Detection of Klotho Protein in Kidneys,” Biochemical
Biophysical Res Communications 267(2):597-602 (2000),
which is hereby incorporated by reference in its entirety)),
FGF23 (R&D systems), and V5 epitope tag (Invitrogen).
Analysis of Phosphorylation of FRS2a and 44/42 MAP
Kinase in Epithelial Cell Lines

Subconfluent HEK293-Klotho cells (Kurosu et al., “Regu-
lation of Fibroblast Growth Factor-23 Signaling by Klotho,”
J Biol Chem 281(10):6120-6123 (2006), which is hereby
incorporated by reference in its entirety) were serum starved
for 16 h and then stimulated for 10 min with either FGF232*-
251 (0.33 to 10 nM) or FGF23'%%*%! (0.76 to 76.3 nM). In
parallel experiments, cells were stimulated with FGF232%-251
(1 aM) alone or with FGF232%2°! (1 nM) mixed with increas-
ing concentrations of either FGF23'#%-2! (0.76 to 76.3 nM)
or FGF23%92% (0.1 to 10 uM). Cell stimulation with FGF2
(2.9 nM) alone or FGF2 (2.9 nM) mixed with increasing
concentrations of FGF23'#%-23! (0.76 to 76.3 nM) served as
controls. Similarly, subconfluent cells of a CHO cell line
stably expressing Klotho (Imura et al., “Secreted Klotho Pro-
tein in Sera and CSF: Implication for Post-translational
Cleavage in Release of Klotho Protein from Cell Membrane,”
FEBS Lett 565(1-3):143-147 (2004), which is hereby incor-
porated by reference in its entirety) were treated with either
FGF232%2%! (0.067 to 20 nM) or FGF232%-2°° (0.04 to 12
nM).
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In a separate experiment, the biological activity of the
bacterially expressed FGF232%-2%! protein was compared to
that of FGF23%°-2°* expressed in the mouse myeloma cell line
NSO (R&D Systems). Subconfluent HEK293-Klotho cells
were serum starved, and then treated with either of the two
FGF23 proteins.

After stimulation, the cells were lysed (Kurosu et al, “Sup-
pression of Aging in Mice by the Hormone Klotho,” Science
309(5742):1829-1833 (2005), which is hereby incorporated
by reference in its entirety), and cellular proteins were
resolved on SDS-polyacrylamide gels, transferred to nitro-
cellulose membranes, and the protein blots were probed with
antibodies to phosphorylated FGF receptor substrate-2a.
(FRS2a), phosphorylated 44/42 MAP kinase and non-phos-
phorylated 44/42 MAP kinase, and Klotho. Except for the
anti-Klotho antibody (Kato et al., “Establishment of the Anti-
Klotho Monoclonal Antibodies and Detection of Klotho Pro-
tein in Kidneys,” Biochemical Biophysical Res Communica-
tions 267(2):597-602 (2000), which is hereby incorporated
by reference in its entirety), all antibodies were from Cell
Signaling Technology.

Measurement of Phosphate Uptake by Opossum Kidney
Cells

The effects of FGF23 proteins/peptides on sodium-
coupled phosphate uptake were studied in the opossum kid-
ney cell line OKP (Miyauchi et al., “Stimulation of transient
elevations in cytosolic Ca2+ is related to inhibition of Pi
transport in OK cells,” Am J Physiol 259(3 Pt 2):F485-493
(1990), which is hereby incorporated by reference in its
entirety). The cell line has many characteristics of renal proxi-
mal tubule epithelium, including sodium gradient-dependent
phosphate transport and sensitivity to parathyroid hormone
(Miyauchi et al., “Stimulation of transient elevations in cyto-
solic Ca2+ is related to inhibition of Pi transport in OK cells,”
Am J Physiol 259(3 Pt 2):F485-493 (1990), which is hereby
incorporated by reference in its entirety). OKP cells also
express FGFR1-4 and Klotho (see next methods section).
OKP cells were grown in culture as described previously (Hu
et al.,, “Dopamine Acutely Stimulates Na+/H+ Exchanger
(NHE3) Endocytosis Via Clathrin-coated Vesicles: Depen-
dence on Protein Kinase A-mediated NHE3 Phosphoryla-
tion,” J Biol Chem 276(29):26906-26915 (2001), which is
hereby incorporated by reference in its entirety). Cells grown
in 24-well plates were stimulated for 4 h with FGF232%-2%!
(0.5 to 1 nM), FGF23'8-251 (500 nM), FGF23'8%-2°> (500
nM), or mixtures of FGF23**°! (1 nM) with either
FGF23189-231 (1 to 500 nM) or FGF23'%%-2%% (1 to 500 nM).
The 1 nM concentration of FGF232%2>! was chosen for com-
petition experiments with FGF23 C-terminal peptides
because at this concentration, half-maximum inhibition of
phosphate uptake is reached. After stimulation, the cells were
rinsed with Na*-free solution followed by 5 min incubation
with uptake solution containing 100 pM KH,**PO,, (2 mCi/
ml, Perkin Elmer). The reaction was stopped by aspiration of
uptake solution and washing cells with ice-cold stop solution
(10 mM HEPES pH 7.4, 140 mM NaCl, 1 mM MgCl,). Each
transport reaction was performed in triplicates.

Analysis of FGFR and Klotho mRNA Expression in Opos-
sum Kidney Cells

Total RNA was extracted from the OKP cell line (Miyauchi
etal., “Stimulation of transient elevations in cytosolic Ca2+is
related to inhibition of Pi transport in OK cells,” Am J Physiol
259(3 Pt 2):F485-493 (1990), which is hereby incorporated
by reference in its entirety) using RNeasy kit (Qiagen). 5 ug
of total RNA was used for cDNA synthesis with random
hexamer primers using SuperScript I1I First Strand Synthesis
System (Invitrogen). FGFR1-4, Klotho, and p-actin tran-
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scripts were detected by PCR using Platinum Taq DNA Poly-
merase (Invitrogen). The PCR conditions were 94° C. for 1
min followed by 35 cycles of 95° C. for 30 s, 54° C. for30s,
and 72° C. for 60 s. The primers used were 5'-TGATTTG-
CATTCTCCACCAA-3' (SEQ ID NO: 13) and 5'-CTTCTC-
CCCGCTTTTCTTCT-3' (SEQ ID NO: 14) (FGFR);,
5'-TATGGGCCAGATGGATTACC-3' (SEQ ID NO: 15) and
5'-GCACGTATACTCCCCAGCAT-3"' (SEQ ID NO: 16)
(FGFR2); 5-ACCTGGTGTCCTGTGCCTAC-3' (SEQ 1D
NO: 17) and 5'-CATTCGATGGCCCTCTTTTA-3' (SEQ ID
NO: 18) (FGFR3); 5'-CTGAAGCACATCGAGGTCAA-3'
(SEQ ID NO: 19) and 5'-CCTGACTCCAGGGAGAACTG-
3' (SEQ ID NO: 20) (FGFR4); 5'-AGCCCTCGAAAGAT-
GACTGA-3'(SEQID NO: 21) and 5'-ACAAACCAGCCAT-
TCTCCAC-3' (SEQ ID NO: 22) (Klotho); and
5'-GTGGGGGATGAGGCCCAGAG-3' (SEQ ID NO: 23)
and 5-AGCTGTGGTGGTGAAACTGT-3' (SEQ ID NO:
24) (f-actin). PCR products were resolved on 2% agarose
gels containing ethidium bromide.

Measurement of Phosphate in Serum and Urine of Rodents

The phosphaturic activity of FGF23%*2°° was examined in
~6-week old C57BL/6 mice by a published protocol (Goetz et
al., “Molecular Insights into the Klotho-dependent, Endo-
crine Mode of Action of Fibroblast Growth Factor 19 Sub-
family Members,” Mol Cell Biol 27 (9):3417-3428 (2007),
which is hereby incorporated by reference in its entirety).
FGF232%2%! FGF232*2°, or vehicle were injected IP into
the animals. Each mouse received two injections at 8 h inter-
vals, of 5 pg of protein per injection. Before the first injection
and 8 h after the second injection, blood was drawn by cheek-
pouch bleeding and spun at 3,000xg for 10 min to obtain
serum. Serum phosphate levels were determined using Phos-
phorus Liqui-UV reagent (Stanbio Laboratory).

The anti-phosphaturic activity of FGF23 C-terminal pep-
tides was examined in normal Sprague-Dawley rats and in
Hyp mice, a mouse model of human X-linked hypophos-
phatemia (XLH) (Beck et al., “Pex/PEX Tissue Distribution
and Evidence for a Deletion in the 3' Region of the Pex Gene
in X-linked Hypophosphatemic Mice,” J Clin Invest 99(6):
1200-1209 (1997), Eicher et al., “Hypophosphatemia: Mouse
Model for Human Familial Hypophosphatemic (Vitamin
D-resistant) Rickets,” Proc Natl Acad Sci USA 73(12):4667-
4671 (1996), Strom et al., “Pex Gene Deletions in Gy and Hyp
Mice Provide Mouse Models for X-linked Hypophos-
phatemia,” Hum Mol Genet 6(2):165-171 (1997), which are
hereby incorporated by reference in their entirety). The ani-
mals were fed a complete, fixed formula diet containing
0.94% phosphate. Anesthetized rats (220-250 g body weight)
were administered IV either FGF232*2*! (0.1 ug kg body
weight™) or FGF23'8%-%%1 (0.1 ug kg body weight™) or
vehicle. Before and 3 h after the injection, blood was drawn
from the carotid artery and urine was collected through blad-
der catheterization. Plasma and urine chemistry of animals
were analyzed using Vitros Chemistry Analyzer (Ortho-
Clinical Diagnosis). 10- to 15-week old Hyp mice were fasted
for 8-12 h before administering IP either FGF23#%-2°! (1 mg)
or FGF23'8%-2%% (860 ug) or vehicle. Beforeand 2h, 4 h, 8 h,
and 24 h after the injection, urine and serum samples were
collected. Phosphate concentrations in urine and serum were
determined using Phosphorus Liqui-UV Test (Stanbio Labo-
ratory), and urine creatinine levels were measured using
DetectX™ Urinary Creatinine Detection Kit (LuminosAs-

says).
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Analysis of NaP,-2A and NaP;-2C Protein Abundance in the
Apical Brush Border Membrane of Renal Proximal Tubule
Epithelium

Immunoblot analysis of NaP,-2A and NaP,-2C protein
abundance in renal cortex tissue and isolated brush border
membrane vesicles (BBMV), and NaP,-2A immunostaining
of renal tissue were performed as described (Bacic et al.,
“Activation of Dopamine D1-like Receptors Induces Acute
Internalization of the Renal Na*/phosphate Cotransporter
NaPi-Ila in Mouse Kidney and OK cells,” Am J Physiol Renal
Physiol 288(4):F740-747 (2005), Loffing et al., “Renal Na/H
Exchanger NHE-3 and Na—PO, Cotransporter NaP-2 Pro-
tein Expression in Glucocorticoid Excess and Deficient
States,” J Am Soc Nephrol 9(9):1560-1567 (1998), Moe et al.,
“Dietary NaCl Modulates Na(+)-H+ Antiporter Activity in
Renal Cortical Apical Membrane Vesicles,” Am J Physiol
260(1 Pt2):F130-137 (1991), which are hereby incorporated
by reference in their entirety).

For immunoblot, rat kidney cortices were dissected and
homogenized, and BBMV were isolated (Loffing et al.,
“Renal Na/H Exchanger NHE-3 and Na—PO,, Cotransporter
NaP,-2 Protein Expression in Glucocorticoid Excess and
Deficient States,” J Am Soc Nephrol 9(9):1560-1567 (1998),
Moe et al., “Dietary NaCl Modulates Na(+)-H+ Antiporter
Activity in Renal Cortical Apical Membrane Vesicles. Am J
Physiol 260(1 Pt 2):F130-137 (1991), which are hereby
incorporated by reference in their entirety). 30 pg of cortical/
BBMYV protein was solubilized in Laemmli sample buffer,
fractionated by SDS-PAGE, transferred to PVDF membrane
and labeled using polyclonal rabbit antibody for NaP,-2A or
-2C (kind gift from Drs. J. Biber and H. Murer, University of
Zirich, Switzerland) (1:3,000 dilution) and monoclonal
mouse antibody for B-actin (1:5,000 dilution). For immuno-
histochemistry, rat kidneys were fixed in situ with perfusion
of 2.5% paraformaldehyde via distal aorta of renal arteries
before nephrectomy. In some experiments, kidneys were har-
vested and directly frozen in Tissue TeK® OCT using liquid
nitrogen, and cryosections (4 um) were prepared and pro-
cessed for immunofluorescent staining (Bacic et al., “Activa-
tion of Dopamine D1-like Receptors Induces Acute Internal-
ization of the Renal Na*/phosphate Cotransporter NaPi-Ila in
Mouse Kidney and OK cells,” Am J Physiol Renal Physiol
288(4):F740-747 (2005), which is hereby incorporated by
reference in its entirety). Sections were incubated with poly-
clonal rabbit antibody for NaP,-2A (1:300 dilution; kind gift
from Dr. J. Biber) followed by secondary antibodies conju-
gated to rhodamine (Molecular Probes). For NaP -2 A/f-actin
double staining, the sections were then incubated with fluo-
rescein isothiocyanate-phalloidin (1:50) (Molecular Probes)
to stain B-actin filaments. Sections were visualized with a
Zeiss LSM510 microscope.

Statistical Analysis

Data are expressed as the mean+SE (n=6 or more). Statis-
tical analysis was performed using Student’s unpaired or
paired t-test, or using analysis of variance (ANOVA) when
applicable. A value of P<0.05 was considered as statistically
significant.

Example 1

C-Terminal Tail of FGF23 Mediates Binding of
FGF23 to a De Novo Site at the Composite
FGFRI1c-Klotho Interface

To understand how FGF23, FGFR and Klotho interact to
form a ternary complex, the ternary complex was reconsti-
tuted in solution using bioactive, full-length FGF23
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(FGF23%%2%L; FIG. 1A), and the soluble ectodomains of
FGFRI1c and Klotho. The binary complex of FGFRIlc
ectodomain with Klotho ectodomain was formed by captur-
ing the Klotho ectodomain onto an FGFR1c affinity column
from conditioned media of a HEK293 cell line ectopically
expressing the Klotho ectodomain (Kurosu et al., “Regulation
of Fibroblast Growth Factor-23 Signaling by Klotho,” J Bio/
Chem 281(10):6120-6123 (2006), which is hereby incorpo-
rated by reference in its entirety). The FGFR1c-Klotho com-
plex was further purified by size-exclusion chromatography
to remove excess FGFR1c (FIG. 1B). Next, the FGFR1c-
Klotho complex was mixed with FGF232*2°! and ternary
complex formation was examined by size-exclusion chroma-
tography. As shown in FIG. 1C, FGF23 co-eluted with the
FGFRI1c-Klotho complex demonstrating that the
ectodomains of FGFR1c and Klotho are sufficient to form a
stable ternary complex with FGF23.

The size-exclusion data showing that Klotho and FGFR1c
ectodomains form a stable binary complex (FIG. 1B) indicate
that Klotho must harbor a high affinity binding site for
FGFRIc. To further confirm this, surface plasmon resonance
(SPR) spectroscopy was used to determine the dissociation
constant of the FGFRI1c-Klotho interaction. Klotho
ectodomain was immobilized on a biosensor chip, and
increasing concentrations FGFR1c ectodomain were passed
over the chip. Consistent with the results obtained using size-
exclusion chromatography (FIG. 1B), Klotho bound FGFR1¢
with high affinity (K,=72 nM; FIG. 1D). Because Klotho
harbors a high affinity binding site for FGFR1c, it was rea-
soned that Klotho might also possess a distinct high affinity
binding site for FGF23, and promote FGF23-FGFR1¢ bind-
ing by engaging FGF23 and FGFR1c simultaneously. To test
this, FGF23%*°! was coupled to a biosensor chip, and
increasing concentrations of Klotho ectodomain were passed
over the chip. As shown in FIG. 1F, Klotho bound poorly to
FGF232%2%! These data demonstrate that the Klotho
ectodomain contains a high affinity binding site for FGFR1c
but not for FGF23.

Next, binding of FGF23 to FGFR1c was measured by
injecting increasing concentrations of FGFR1c over the
FGF23 chip. As shown in FIG. 1G, FGF23?*2°! exhibited
poor binding to FGFR1c. Thus, the SPR data show that
FGF23 exhibits poor binding affinity for both the Klotho
ectodomain alone and the FGFRIc ectodomain alone.
Together with the size-exclusion chromatography data show-
ing that FGF23 binds stably to the purified binary FGFR1c-
Klotho complex, the data raised the question whether FGF23
binds to a de novo site generated at the composite FGFR1c-
Klotho interface. To test this, FGFR1c-Klotho complex was
purified as described above, and increasing concentrations of
the binary complex were passed over the FGF23 chip. As
shown in FIG. 1E, FGF23%%25! pound to the FGFR1c-Klotho
complex demonstrating that FGF23 interacts with a de novo
site generated at the composite FGFR1c-Klotho interface.

It was then examined whether the C-terminal tail of FGF23
mediates binding of FGF23 to the FGFR1¢-Klotho complex.
To test this, the C-terminal tail peptide of FGF23 (FGF23'3°-
2s1; FIG. 1A) was coupled to a biosensor chip and increasing
concentrations of FGFR1¢-Klotho complex were passed over
the chip. As shown in FIG. 2A, FGF23'%%-2%! avidly bound to
the binary complex. Size-exclusion chromatography and co-
immunoprecipitation experiments yielded similar results
supporting the SPR data (FIGS. 2B, C, and D).
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Example 2

C-Terminal Tail of FGF23 Competes with
Full-Length FGF23 for Binding to the Binary
FGFR-Klotho Complex

To fully nail down that the C-terminal tail of FGF23 medi-
ates FGF23 binding to the binary FGFR1¢-Klotho complex, a
fixed concentration of FGFR1c-Klotho was mixed with
increasing concentrations of FGF23'%°-2>1 and the mixtures
were passed over the FGF23 chip. Mixtures of FGF232%2°1
with FGFR1c-Klotho were used as a control. As shown in
FIGS. 3A and D, FGF23'%-2*! competed, in a dose-depen-
dent fashion, with FGF23%*2>! for binding to the FGFR1c¢-
Klotho complex. Half-maximum inhibition of FGFRIlc-
Klotho binding to FGF232*2°! was reached with a 3.3-fold
molar excess of FGF23'%°-231 gver FGFR 1¢c-Klotho complex
(FIG. 3D). As expected, less than an equimolar amount of
FGF23%%2%! relative to FGFR1c-Klotho complex already
yielded 50% inhibition of binding of the binary complex to
immobilized FGF23%%-2>! (FIGS. 3C and D). Similar results
were obtained using the “reverse” SPR assay format, where
FGF23'8%-2°! was immobilized on a chip and mixtures of a
fixed concentration of FGFRl1c-Klotho complex with
increasing concentrations of FGF23%%°! were passed over
the chip (FIG. 3E). Mixtures of FGF23'#%-2%! with FGFR1c-
Klotho were used as a control (FIG. 3F). To verify the speci-
ficity of the interaction between the FGF23 C-terminal tail
and the FGFR1c-Klotho complex, the C-terminal tail peptide
of FGF21 and FGFR1c-Klotho were mixed at molar ratios of
6:1 and 10:1, and the mixtures were injected over a FGF23
chip. As shown in FIG. 3G, FGF21'%%2% failed to inhibit
binding of the FGFR1c-Klotho complex to immobilized
FGF232%2%! Inaddition, the ability of the FGF23 C-terminal
tail peptide to interfere with binary complex formation
between pKlotho and either FGF19 or FGF21 was tested, as
was its ability to interfere with ternary complex formation
between PKlotho, FGFR, and either FGF19 or FGF21.
FGF192*2!® and FGF21?°2% were coupled to a biosensor
chip, and a 2:1 mixture of FGF23'%%-**! and PKlotho
ectodomain was injected over the chip. As shown in FIGS. 4A
and B, FGF23'%%°! failed to inhibit binding of pKlotho to
immobilized FGF19 or FGF21. Likewise, a 10-fold molar
excess of FGF23'#°-2>! gver FGFR 1¢c-BKlotho did not affect
binding of the FGFR1c-fKlotho complex to immobilized
FGF19 or FGF21 (FIGS. 4C and D). A co-immunoprecipita-
tion based competition assay also confirmed that the C-ter-
minal tail peptide of FGF23 can inhibit binding of FGF23 to
its binary cognate FGFR-Klotho complex (FIG. 3H).
Together, the data unambiguously demonstrate that the C-ter-
minal tail of FGF23 harbors the binding site for the binary
FGFR-Klotho complex and hence is essential for formation
of the ternary FGF23-FGFR-Klotho complex. Importantly,
the binding data unveil that proteolytic cleavage at the
17SRXXR!"® motif (SEQ ID NO:1) abrogates FGF23 activity
by removing the binding site for the binary FGFR-Klotho
complex that resides in the C-terminal tail of FGF23.

Example 3

Residues S180 to T200 of the C-terminal Tail of
FGF23 Comprise the Minimal Binding Epitope for
the FGFR-Klotho Complex

In follow-up studies, it was found that FGF232%-2°° which
lacks the last 51 C-terminal amino acids, still retains the
ability to co-immunoprecipitate with the binary FGFR-
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Klotho complex (FIG. 2D). The finding suggested that
FGF23%%2°° may have similar biological activity as the full-
length protein. To test this, the ability of FGF232%2° and
FGF232%2*! to induce tyrosine phosphorylation of FGF
receptor substrate 2c. (FRS2a) and downstream activation of
MAP kinase cascade in Klotho-expressing cultured cells, and
to induce phosphaturia in mice, was examined. As shown in
FIG. 5A, FGF23%%2% induced phosphorylation of FRS2a.
and downstream activation of MAP kinase cascade at a dose
comparable to that of FGF23%%2%!, The truncated FGF23 was
also nearly as effective as the full-length ligand in reducing
serum phosphate concentration in healthy C57BL/6 mice
(FIG. 5B). These data show that deletion of the last 51 amino
acids from the FGF23 C-terminus has little effect on FGF23
biological activity, narrowing down the epitope on the FGF23
C-terminal tail for the composite FGFR-Klotho interface to
residues S180 and T200. Indeed, a FGF23 peptide compris-
ing the minimal binding epitope for FGFR-Klotho
(FGF23'8%-29%; FIG. 1A) was able to compete, in a dose-
dependent fashion, with FGF23**2°! for binding to the
binary FGFR1c-Klotho complex (FIG. 3B). Halt-maximum
inhibition of FGFR1c-Klotho binding to FGF23?%2%! was
reached with a 5.7-fold molar excess of FGF23'%%2°% gver
FGFR1c-Klotho complex (FIG. 3D). Similarly, in a co-im-
munoprecipitation  based  competition assay, the
FGF23'8%-29 peptide was able to inhibit binding of FGF23 to
the binary complexes of its cognate FGFR and Klotho (FIG.
5C). The data also explain the finding by Garringer and col-
leagues showing that residues P189 to P203 are required for
FGF23 signaling (Garringer et al., “Molecular genetic and
biochemical analyses of FGF23 mutations in familial tumoral
calcinosis,” Am J Physiol Endocrinol Metab 295(4):E929-
937 (2008), which is hereby incorporated by reference in its
entirety).

Example 4
FGF23 C-Terminal Peptides Block FGF23 Signaling

Based on these data, it was postulated that FGF23!80-251
and FGF23'8%2% ghould antagonize FGF23 signaling by
competing with full-length FGF23 for binding to the FGFR-
Klotho complex. To test this, cells stably overexpressing
Klotho were stimulated with FGF23°*2°' alone or
FGF23%%2°! mixed with increasing concentrations of either
FGF23'89-251 o FGF23'8°-295 A5 shown in FIGS. 6A and B,
both peptides inhibited, in a dose-dependent fashion, FGF23-
induced tyrosine phosphorylation of FRS2a and downstream
activation of MAP kinase cascade.

To test the specificity of the FGF23 antagonists, the ability
of the FGF23'39-2%! peptide to inhibit signaling of FGF2, a
prototypical paracrine-acting FGF, which does not require
Klotho for signaling was examined. As shown in FIG. 6C, the
FGF23 antagonist failed to inhibit tyrosine phosphorylation
of FRS2c and downstream activation of MAP kinase cascade
induced by FGF2. These data show that FGF23 C-terminal
peptides specifically block FGF23 signaling.

Example 5

FGF23 C-Terminal Peptides Antagonize the
Inhibitory Effect of FGF23 on Sodium-Coupled
Phosphate Uptake by Renal Proximal Tubule
Epithelial Cells

In renal proximal tubule epithelium, FGF23 signaling
leads to inhibition of phosphate uptake. To establish further
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that FGF23 C-terminal peptides block FGF23 action, the
effects of the peptides on sodium-coupled phosphate uptake
in a proximal tubular cell model were studied. As shown in
FIG. 7A, FGF23'8°-25! antagonized the inhibition of phos-
phate uptake by FGF23*%*2*! in a dose-dependent fashion,
with an IC,,, of about 21 nM. FGF23'89-2%% exhibited a simi-
lar, albeit less potent antagonistic effect (FIG. 7B). As
expected, neither of the two FGF23 C-terminal peptides
altered phosphate uptake when applied alone (FIGS. 7A and

B)
Example 6

FGF23 C-Terminal Peptides Antagonize
Phosphaturic Activity of FGF23 in Healthy Rats

These findings led to in vivo studies and an investigation of
whether the FGF23 C-terminal peptides antagonize the phos-
phaturic effects of endogenous FGF23. An IV injection of
FGF23'8°-23! into healthy Sprague-Dawley rats led to renal
phosphate retention, and hyperphosphatemia (FIG. 8), sug-
gesting that FGF23 C-terminal peptides antagonize the phos-
phaturic action of endogenous FGF23. As expected, injection
of FGF232#-2! induced increases in excretion rate and frac-
tional excretion of phosphate, and led to a significant decrease
in plasma phosphate compared to vehicle-treated animals
(FIG. 8).

FGF23 exerts its phosphaturic activity by inhibiting phos-
phate uptake by renal proximal tubule epithelium. The effect
has been attributed to reduced transport activity of NaP,-2A
and NaP;-2C, reduced amount of NaP,-2A and NaP,-2C pro-
teins in the apical brush border membrane, and at the more
chronic level, repression of the NaP;-2A and NaP;-2C genes
(Baum et al., “Effect of Fibroblast Growth Factor-23 on Phos-
phate Transport in Proximal Tubules,” Kidney Int 68(3):1148-
1153 (2005), Perwad et al., “Fibroblast Growth Factor 23
Impairs Phosphorus and Vitamin D Metabolism In Vivo and
Suppresses  25-hydroxyvitamin  D-lalpha-hydroxylase
Expression In Vitro,” Am J Physiol Renal Physiol 293(5):
F1577-1583 (2007), Yamashita et al., “Fibroblast Growth
Factor (FGF)-23 Inhibits Renal Phosphate Reabsorption by
Activation of the Mitogen-activated Protein Kinase Path-
way,” J Biol Chem 277(31):28265-28270 (2002), Larsson et
al., “Transgenic mice expressing fibroblast growth factor 23
under the control of the alphal (I) collagen promoter exhibit
growth retardation, osteomalacia, and disturbed phosphate
homeostasis,” Endocrinology 145(7):3087-3094 (2004),
Segawa et al., “Effect of hydrolysis-resistant FGF23-R179Q
on dietary phosphate regulation of the renal type-II Na/Pi
transporter,” Pflugers Arch 446(5):585-592 (2003), which are
hereby incorporated by reference in their entirety). The abun-
dance of NaP,-2 A protein in brush border membrane vesicles
isolated from the kidneys of rats was examined An IV injec-
tion of FGF23'8°2°! into healthy rats led to an increase in
NaP,-2A protein expression in the apical brush border mem-
brane compared to vehicle treatment (FIGS. 9A and B). The
peptide exhibited similar effects on the NaP,-2C protein (FIG.
9C). As expected, injection of FGF232%*-2°! led to a decrease
in NaP,-2 A protein expression (FIGS. 9A and B). These find-
ings establish that FGF23 C-terminal peptides counteract or
cancel out FGF23’s phosphaturic action mediated through
NaP,-2A and NaP,-2C.

Example 7
FGF23 C-terminal Peptides Antagonize Phosphaturic

Activity of FGF23 in a Mouse Model of Renal
Phosphate Wasting

To evaluate the therapeutic potential of FGF23'%%-%°! for
treating renal phosphate wasting, the peptide’s efficacy in
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Hyp mice, a mouse model of XLH (Anonymous., “A Gene
(PEX) with Homologies to Endopeptidases is Mutated in
Patients with X-linked Hypophosphatemic Rickets. The HYP
Consortium.,” Nat Genet 11(2):130-136 (1995); Beck et al.,
“Pex/PEX Tissue Distribution and Evidence for a Deletion in
the 3' Region of the Pex Gene in X-linked Hypophosphatemic
Mice,” J Clin Invest 99(6):1200-1209 (1997); Eicher et al.,
“Hypophosphatemia: Mouse Model for Human Familial
Hypophosphatemic (Vitamin D-resistant) Rickets,” Proc
Natl Acad Sci USA 73(12):4667-4671 (1996); Strom et al.,
“Pex Gene Deletions in Gy and Hyp Mice Provide Mouse
Models for X-linked Hypophosphatemia,” Hum Mol Genet
6(2):165-171 (1997), which are hereby incorporated by ref-
erence in their entirety) was analyzed. XLH is an inherited
phosphate wasting disorder associated with high FGF23,
which is thought to be due to reduced clearance of FGF23
from the circulation. Excess FGF23 causes increased phos-
phate excretion resulting in hypophosphatemia. As shown in
FIG. 10, an IP injection of FGF23'#%-2>! induced a decrease in
renal phosphate excretion in Hyp mice compared to vehicle
treatment. The effect persisted for at least four hours post
injection. Concomitantly, serum phosphate levels were
elevated by the FGF23 antagonist treatment (FIG. 10). Like-
wise, an IP injection of the FGF23'%%2°% peptide, which
comprises the minimal binding epitope for the composite
FGFR-Klotho interface, caused an increase in serum phos-
phate in Hyp mice compared to vehicle-treated animals (FIG.
10). These results show that FGF23 C-terminal peptides are
effective in attenuating renal phosphate wasting caused by
excess FGF23.

In the present invention, it was demonstrated that the pro-
teolytic cleavage at the RXXR (SEQ ID NO:1) motif down-
regulates FGF23 activity by a dual mechanism: by removing
FGF23’s binding site for the binary FGFR-Klotho complex,
and by generating an endogenous inhibitor of FGF23. This
regulatory mechanism was exploited to develop a FGF23
antagonist with therapeutic potential for hypophosphatemia
associated with elevated or normal FGF23.

Patients with phosphate wasting disorders are generally
treated symptomatically, with oral phosphate supplementa-
tion and 1,25-dihydroxyvitamin D,/calcitriol. As alluded to
in the background, oral phosphate therapy can be poorly
tolerated, and in certain circumstances can induce hyperpar-
athyroidism and poses risk of exacerbation of hypophos-
phatemia. In patients with XI.H, the persistent and even exag-
gerated renal phosphate wasting during therapy can cause
nephrocalcinosis and nephrolithiasis. For patients with renal
phosphate wasting from tumor-induced osteomalacia, a caus-
ative treatment option exists, which is resection of the tumor
producing excess amounts of phosphaturic hormone. These
tumors are often difficult to locate, however, or the tumors are
found in locations that are difficult to access, leaving most
patients with tumor-induced osteomalacia also currently with
no options other than symptomatic therapy (van Boekel et al.,
“Tumor Producing Fibroblast Growth Factor 23 Localized by
Two-staged Venous Sampling,” Fur J Endocrinol 158(3):
431-437 (2008); Jan de Beur S M., “Tumor-induced Osteo-
malacia,” JAMA 294(10):1260-1267 (2005), which are
hereby incorporated by reference in their entirety). Since
excess FGF23 is the pathogenic factor in phosphate wasting
disorders, blocking its action with FGF23 C-terminal pep-
tides holds promise of providing the first causative pharma-
cotherapy.

In a mouse model of phosphate wasting disorders, it has
been shown that FGF23 C-terminal peptides are effective in
counteracting the phosphaturic action of FGF23. The present
invention warrants further evaluation of the peptides’ efficacy



US 9,272,017 B2

47

in nonhuman primates, and eventually, in humans. Neutral-
izing FGF23 activity with antibody provides an alternative
approach for treating renal phosphate wasting. Indeed, Aono,
Yamazaki and colleagues have explored this approach, and
developed antibodies against FGF23 that effectively neutral-
ize FGF23 activity in both healthy mice and Hyp mice
(Yamazaki et al., “Anti-FGF23 Neutralizing Antibodies
Show the Physiological Role and Structural Features of
FGF23,”J Bone Miner Res 23(9):1509-1518 (2008), Aono et
al., “Therapeutic Effects of Anti-FGF23 Antibodies in Hypo-
phosphatemic Rickets/Osteomalacia,” J Bone Miner Res,
published online May 5%, DOI 10.1359/jmbr.090509 (2009),
which are hereby incorporated by reference in their entirety).

While it has been conclusively demonstrated that the phos-
phaturic activity of FGF23 is Klotho-dependent (Nakatani et
al., “Inactivation of klotho function induces hyperphos-
phatemia even in presence of high serum fibroblast growth
factor 23 levels in a genetically engineered hypophos-
phatemic (Hyp) mouse model,” FASEB J 23(11):3702-3711
(2009), which is hereby incorporated by reference in its
entirety), the possibility that FGF23 may have some Klotho-
independent functions has not yet been ruled out experimen-
tally. In this regard, the present invention of an inhibitory
peptide approach may offer a more targeted therapy for hypo-
phosphatemia than anti-FGF23 antibodies as FGF23 C-ter-
minal peptides specifically target the binary FGFR-Klotho
complex and hence only neutralize Klotho-dependent func-
tion of FGF23. In contrast, the antibody approach does not
discriminate between Klotho-dependent and -independent
functions of FGF23. The FGF23 C-terminal peptides can also
serve as an experimental tool to dissect Klotho-dependent and
-independent functions of FGF23. The ability of the FGF23
C-terminal peptides to specifically recognize the binary
receptor complex makes them a powerful tool to image tis-
sues that express the cognate FGFR-Klotho complexes of
FGF23.

Hypophosphatemia complicates a wide variety of condi-
tions such as the refeeding syndrome, diabetic ketoacidosis,
asthma exacerbations and chronic obstructive pulmonary dis-
ease, and recovery from organ (particularly, kidney) trans-
plantation (Gaasbeek et al., “Hypophosphatemia: An Update
on its Etiology and Treatment,” Am J Med 118(10):1094-
1101 (2005); Miller et al., “Hypophosphatemia in the Emer-
gency Department Therapeutics,” Am J Emerg Med 18(4):
457-461 (2000); Marinella M A., “Refeeding Syndrome and
Hypophosphatemia,” J Intensive Care Med 20(3):155-159
(2005), which are hereby incorporated by reference in their
entirety). Indeed, hypophosphatemia complicating recovery
from kidney transplantation, and parenteral iron therapy has
been associated with increased plasma levels of FGF23 (Bhan
et al., “Post-transplant hypophosphatemia: Tertiary ‘Hyper-
Phosphatoninism’?” Kidney Int 70(8):1486-1494 (2006),
Evenepoel et al., “Tertiary ‘Hyperphosphatoninism’ accentu-
ates hypophosphatemia and suppresses calcitriol levels in
renal transplant recipients,” Am J Transplant 7(5):1193-1200
(2007), Kawarazaki et al., “Persistent high level of fibroblast
growth factor 23 as a cause of post-renal transplant hypophos-
phatemia,” Clin Exp Nephrol 11(3):255-257 (2007), Trom-
betti et al., “FGF-23 and post-transplant hypophosphatemia:
evidence for a causal link,” abstract number Sul68 presented
atthe 30” Annual Meeting of the American Society for Bone
and Mineral Research (2008), Schouten et al., “FGF23 eleva-
tion and hypophosphatemia after intravenous iron polymal-
tose: a prospective study,” J Clin Endocrinol Metab 94(7):
2332-2337 (2009), Shouten et al., “Iron polymaltose-induced
FGF23 elevation complicated by hypophosphataemic osteo-
malacia,” Ann Clin Biochem 46(2):167-169 (2009), Shimizu
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et al., “Hypophosphatemia induced by intravenous adminis-
tration of saccharated ferric oxide: another form of FGF23-
related hypophosphatemia,” Bone 45(4):814-816 (2009),
which are hereby incorporated by reference in their entirety).
Thus, the FGF23 antagonist discovered in the present inven-
tion may be of therapeutic value for a much broader collection
of patients than phosphate wasting disorders alone. The abil-
ity of FGF23 C-terminal peptides to enhance renal phosphate
retention in normal rats ushers in the option of using these
peptides therapeutically in hypophosphatemic conditions
where FGF23 is not the primary cause of hypophosphatemia,
and not down-regulated as a compensatory mechanism.
Another indication for therapy with FGF23 C-terminal
peptides, which would target still more patients than disor-
ders complicated by hypophosphatemia, is chronic kidney
disease, a condition with a growing incidence, currently
affecting nearly 26 million people in the United States alone.
Plasma levels of FGF23 increase as kidney function declines
in patients with chronic kidney disease (CKD) (Larssonetal.,
“Circulating Concentration of FGF-23 Increases as Renal
Function Declines in Patients with Chronic Kidney Disease,
But Does Not Change in Response to Variation in Phosphate
Intake in Healthy Volunteers,” Kidney Int 64(6):2272-2279
(2003), which is hereby incorporated by reference in its
entirety), likely as a compensatory response to enhanced
phosphate retention, and top 1000-fold of normal levels in
patients with end-stage CKD (Gutierrez et al., “Fibroblast
Growth Factor 23 and Mortality Among Patients Undergoing
Hemodialysis,” N Engl J Med 359(6):584-592 (2008); Jean et
al., “High Levels of Serum Fibroblast Growth Factor (FGF)-
23 are Associated with Increased Mortality in Long Haemo-
dialysis Patients,” Nephrol Dial Transplant 24(9):2792-2796
(2009), which are hereby incorporated by reference in their
entirety). The gradual increases in plasma FGF23 correlate
with disease progression (Fliser et al., “Fibroblast Growth
Factor 23 (FGF23) Predicts Progression of Chronic Kidney
Disease: the Mild to Moderate Kidney Disease (MMKD)
Study,” J Am Soc Nephrol 18(9):2600-2608 (2007); Wester-
berg et al., “Regulation of Fibroblast Growth Factor-23 in
Chronic Kidney Disease,” Nephrol Dial Transplant 22(11):
3202-3207 (2007), which are hereby incorporated by refer-
ence in their entirety), including suppression of 1,25-vitamin
D production and development of secondary hyperparathy-
roidism (Nakanishi et al., “Serum Fibroblast Growth Factor-
23 Levels Predict the Future Refractory Hyperparathyroid-
ism in Dialysis Patients,” Kidney Int 67(3):1171-1178 (2005);
Shigematsu et al., “Possible Involvement of Circulating
Fibroblast Growth Factor 23 in the Development of Second-
ary Hyperparathyroidism Associated with Renal Insuffi-
ciency,” Am J Kidney Dis 44(2):250-256 (2004), which are
hereby incorporated by reference in their entirety). Moreover,
increased circulating FGF23 has emerged as an independent
risk factor for cardiovascular disease and mortality in CKD
(Gutierrez et al., “Fibroblast Growth Factor 23 and Mortality
Among Patients Undergoing Hemodialysis,” N Engl J Med
359(6):584-592 (2008); Jean et al., “High Levels of Serum
Fibroblast Growth Factor (FGF)-23 are Associated with
Increased Mortality in Long Haemodialysis Patients,” Neph-
rol Dial Transplant 24(9):2792-2796 (2009); Gutierrez et al.,
“Fibroblast Growth Factor 23 and Left Ventricular Hypertro-
phy in Chronic Kidney Disease,” Circulation 119(19):2545-
2552 (2009); Mirza et al., “Circulating Fibroblast Growth
Factor-23 is Associated with Vascular Dysfunction in the
Community,” Atherosclerosis 205(2):385-390 (2009); Mirza
et al., “Serum Intact FGF23 Associate with Left Ventricular
Mass, Hypertrophy and Geometry in an Elderly Population,”
Atherosclerosis 207(2):546-551 (2009); Nasrallah et al.,
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“Fibroblast Growth Factor-23 (FGF-23) is Independently
Correlated to Aortic Calcification in Haemodialysis Patients,”
Nephrol Dial Transplant 25(8):2679-2685 (2010), which are
hereby incorporated by reference in their entirety), suggest-
ing that FGF23 is implicated in the pathogenesis of CKD and
its adverse outcomes. Blocking FGF23 action with FGF23
C-terminal peptides may prove effective in preventing or
attenuating the occurrence of disease complications such as
hyperparathyroidism and vascular calcification. Thus, the
FGF23 antagonist of the present invention may be of thera-
peutic value for a much broader collection of patients than
hypophosphatemia due to renal phosphate wasting alone.

The identification of the FGF23 C-terminal tail as a FGF23
antagonist suggests that proteolytic cleavage not only
removes the binding site on FGF23 for the FGFR-Klotho
complex, but also generates an endogenous FGF23 antago-
nist. A pathophysiological role of the latter mechanism is
indicated by familial tumoral calcinosis (FTC), an autosomal
recessive metabolic disorder with clinical manifestations
opposing those of phosphate wasting disorders. Missense
mutations in either the UDP-N-acetyl-a-D-galactosamine:
polypeptide N-acetylglactosaminyltransferase 3 (GALNT3)
gene (Garringer et al., “Two Novel GALNT3 Mutations in
Familial Tumoral Calcinosis,” Am J Med Genet A 143A(20):
2390-2396 (2007); Ichikawa et al., “Tumoral Calcinosis Pre-
senting with Eyelid Calcifications Due to Novel Missense
Mutations in the Glycosyl Transferase Domain of the
GALNT3 Gene,” J Clin Endocrinol Metab 91(11):4472-
4475 (2006); Topaz et al., “Mutations in GALNT3, Encoding
a Protein Involved in O-linked Glycosylation, Cause Familial
Tumoral Calcinosis,” Nat Genet 36(6):579-581 (2004);
Dumitrescu et al., “A Case of Familial Tumoral Calcinosis/
hyperostosis-hyperphosphatemia Syndrome Due to a Com-
pound Heterozygous Mutation in GALNT3 Demonstrating
New Phenotypic Features,” Osteoporos Int (2008), which are
hereby incorporated by reference in their entirety), or the
FGF23 gene (Araya et al., “A Novel Mutation in Fibroblast
Growth Factor 23 Gene as a Cause of Tumoral Calcinosis,” J
Clin Endocrinol Metab 90(10):5523-5527 (2005); Chefetz et
al., “A Novel Homozygous Missense Mutation in FGF23
Causes Familial Tumoral Calcinosis Associated with Dis-
seminated Visceral Calcification,” Hum Genet 118(2):261-
266 (2005); Larsson et al., “A Novel Recessive Mutation in
Fibroblast Growth Factor-23 Causes Familial Tumoral Cal-
cinosis,” J Clin Endocrinol Metab 90(4):2424-2427 (2005);
Benet-Pages et al., “An FGF23 Missense Mutation Causes
Familial Tumoral Calcinosis with Hyperphosphatemia,”
Hum Mol Genet 14(3):385-390 (2005), which are hereby
incorporated by reference in their entirety), have been asso-
ciated with FTC. All FTC patients have abnormally high
plasma levels of the C-terminal proteolytic fragment of
FGF23 (Garringer et al., “Two Novel GALNT3 Mutations in
Familial Tumoral Calcinosis,” Am J Med Genet A 143A(20):
2390-2396 (2007); Ichikawa et al., “Tumoral Calcinosis Pre-
senting with Eyelid Calcifications Due to Novel Missense
Mutations in the Glycosyl Transferase Domain of the
GALNT3 Gene,” J Clin Endocrinol Metab 91(11):4472-
4475 (2006); Topaz et al., “Mutations in GALNT3, Encoding
a Protein Involved in O-linked Glycosylation, Cause Familial
Tumoral Calcinosis,” Nat Genet 36(6):579-581 (2004);
Dumitrescu et al., “A Case of Familial Tumoral Calcinosis/
hyperostosis-hyperphosphatemia Syndrome Due to a Com-
pound Heterozygous Mutation in GALNT3 Demonstrating
New Phenotypic Features,” Osteoporos Int (2008); Araya et
al., “A Novel Mutation in Fibroblast Growth Factor 23 Gene
as a Cause of Tumoral Calcinosis,” J Clin Endocrinol Metab
90(10):5523-5527 (2005); Chefetz et al., “A Novel Homozy-
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gous Missense Mutation in FGF23 Causes Familial Tumoral
Calcinosis Associated with Disseminated Visceral Calcifica-
tion,” Hum Genet 118(2):261-266 (2005); Larsson et al., “A
Novel Recessive Mutation in Fibroblast Growth Factor-23
Causes Familial Tumoral Calcinosis,” J Clin Endocrinol
Metab 90(4):2424-2427 (2005), which are hereby incorpo-
rated by reference in their entirety). The present invention
suggests that excess C-terminal FGF23 fragment may aggra-
vate hyperphosphatemia, and the resulting soft tissue calcifi-
cation, by antagonizing the action of any residual, functional
FGF23 ligand in these patients.

There has been a conundrum surrounding the mechanism
of'action of FGF23 in the kidney because Klotho is expressed
in the distal convoluted tubule (Kato et al., “Establishment of
the anti-Klotho monoclonal antibodies and detection of
Klotho protein in kidneys,” Biochem Biophys Res Commun
267(2):597-602 (2000), Li et al., “Immunohistochemical
localization of Klotho protein in brain, kidney, and reproduc-
tive organs of mice,” Cell Struct Funct 29(4):91-99 (2004),
Tsujikawa et al., “Klotho, a gene related to a syndrome resem-
bling human premature aging, functions in a negative regu-
latory circuit of vitamin D endocrine system,” Mol Endo-
crinol 17(12):2393-2403 (2003), which are hereby
incorporated by reference in their entirety), whereas FGF23
inhibits phosphate reabsorption in the proximal tubule (Baum
et al., “Effect of fibroblast growth factor-23 on phosphate
transport in proximal tubules,” Kidney Int 68(3):1148-1153
(2005), Perwad et al., “Fibroblast growth factor 23 impairs
phosphorus and vitamin D metabolism in vivo and suppresses
25-hydroxyvitamin D-lalpha-hydroxylase expression in
vitro,” Am J Physiol Renal Physiol 293(5):F1577-F1583
(2007), Larsson et al., “Transgenic mice expressing fibroblast
growth factor 23 under the control of the alphal(I) collagen
promoter exhibit growth retardation, osteomalacia, and dis-
turbed phosphate homeostasis,” Endocrinology 145(7):3087-
3094 (2004), which are hereby incorporated by reference in
their entirety). A recent study suggested that FGF23 signaling
initiates in the distal tubule and its effects are then transmitted
to the proximal tubule through an unknown diffusible para-
crine factor (Farrow et al., “Initial FGF23-mediated signaling
occurs in the distal convoluted tubule,” J Am Soc Nephrol
20(5):955-960 (2009), which is hereby incorporated by ref-
erence in its entirety). In addition to the membrane-bound
isoform of Klotho, alternative splicing and proteolytic cleav-
age give rise to two soluble isoforms of Klotho found in the
circulation (Imura et al., “Secreted Klotho protein in sera and
CSF: implication for post-translational cleavage in release of
Klotho protein from cell membrane,” FEBS Lett 565(1-3):
143-147 (2004), Kurosu et al., “Suppression of aging in mice
by the hormone Klotho,” Science 309(5742):1829-1833
(2005), Matsumura et al., “Identification of the human klotho
gene and its two transcripts encoding membrane and secreted
klotho protein,” Biochem Biophys Res Commun 242(3):626-
630 (1998), Shiraki-lida et al., “Structure of the mouse klotho
gene and its two transcripts encoding membrane and secreted
protein,” FEBS Lett 424(1-2):6-10 (1998), which are hereby
incorporated by reference in their entirety). Importantly, the
recombinant Klotho ectodomain that was used to reconstitute
the ternary FGF23-FGFR-Klotho complex in vitro corre-
sponds to the complete ectodomain of Klotho that is shed into
the circulation by a proteolytic cleavage at the juncture
between the extracellular domain and transmembrane
domain (Imura et al., “Secreted Klotho protein in sera and
CSF: implication for post-translational cleavage in release of
Klotho protein from cell membrane,” FEBS Lett 565(1-3):
143-147 (2004), Kurosu et al., “Suppression of aging in mice
by the hormone Klotho,” Science 309(5742):1829-1833
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(2005), which are hereby incorporated by reference in their
entirety). Thus, the present invention points to the possibility
that it is the shed soluble isoform of Klotho that makes its way
to the proximal tubule to promote formation of FGF23-
FGFR-Klotho ternary complex, and inhibition of phosphate
reabsorption.

Example 8

The Isolated C-Terminal Tail of FGF23 Inhibits
Renal Phosphate Excretion as an FGF23 Antagonist
by Displacing FGF23 from its Receptor

FGF23 is an important phosphaturic hormone. FGF23
fragments were examined for binding to the binary FGFR-
Klotho complex, FGFR activation, sodium-dependent phos-
phate transport, and phosphate balance. Based on FGF23
peptides (aa 28-251, 28-179, 28-200, 180-251, and 180-200)
binding to the binary FGFR-Klotho complex, the binding
region was localized to aa 180-200 which provides the struc-
tural platform to design agonists and antagonists. Using
FRS2a and 44/42 MAP kinase phosphorylation as readouts
for FGFR activation, it was found that FGF2328-2°° was an
agonist while FGF238%2>! had no activity alone but func-
tioned as an antagonist. Its antagonistic action was mediated
by competitively displacing FGF23 from its binary cognate
FGFR-Klotho complex, and the major region of antagonism
was further refined to aa 180-205. Next it was examined if
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FGF23'8%-°1 i5 a functional antagonist in vivo. An IV injec-
tion of FGF23%%2°! into normal rats induced hypophos-
phatemia whereas FGF23'%°-**! induced hyperphos-
phatemia. Excretion rate and fractional excretion of
phosphate were increased by FGF232%-2%! but decreased by
FGF23'8%-2°1 FGF232%-2%! diminished the sodium-depen-
dent phosphate transporter proteins NaP,-2A and NaP,-2C in
the apical brush border membrane whereas FGF23!%-251
increased NaP,-2A and NaP,-2C protein expression. To
ensure that these are direct effects on epithelia of the renal
proximal tubule, phosphate uptake was studied in proximal
tubule-like cells. FGF23 C-terminal peptides did not alter
phosphate uptake by themselves but they completely reversed
the inhibitory effect of FGF23 on phosphate uptake (aa 180-
251: half max 21 nM; aa 180-205: half max between 100 nM
and 500 nM). In conclusion, the isolated C-terminal tail of
FGF23 is an antagonist of FGF23 and induces renal phos-
phate retention. This can provide the foundation for potential
therapeutic interventions of hypophosphatemia where
FGF23 is not down-regulated as a compensatory mechanism.

Although preferred embodiments have been depicted and
described in detail herein, it will be apparent to those skilled
in the relevant art that various modifications, additions, sub-
stitutions, and the like can be made without departing from
the spirit of the invention and these are therefore considered to
be within the scope of the invention as defined in the claims
which follow.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 24
<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
FEATURE:

NAME/KEY: misc_feature
LOCATION: (2)..(3)

<400> SEQUENCE: 1
Arg Xaa Xaa Arg
1

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 3018

TYPE: DNA

ORGANISM: Homo sapiens

OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 2

cggcaaaaag gagggaatcce agtctaggat cctcacacca getacttgca agggagaagg 60
aaaaggccag taaggectgg gecaggagag tcecgacagg agtgtcaggt ttcaatctcea 120
gcaccagceca ctcagagcag ggcacgatgt tgggggeceg cctecaggete tgggtetgtg 180
cecttgtgeag cgtetgeage atgagegtcee tcagagecta tceccaatgee tccccactge 240
teggetecag ctggggtgge ctgatccace tgtacacage cacagcecagg aacagctace 300
acctgcagat ccacaagaat ggccatgtgg atggegcacce ccatcagacce atctacagtg 360
ccectgatgat cagatcagag gatgetgget ttgtggtgat tacaggtgtg atgagcagaa 420
gatacctcetyg catggatttc agaggcaaca tttttggatce acactattte gacceggaga 480
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actgcaggtt ccaacaccag acgctggaaa acgggtacga cgtctaccac tctectcagt 540
atcacttcct ggtcagtetg ggccgggega agagagectt cctgccagge atgaacccac 600
cceegtacte ccagttectg tcccggagga acgagatccee cctaattcac ttcaacacce 660
ccataccacg gcggcacacce cggagcegecg aggacgacte ggagegggac cccctgaacyg 720
tgctgaagee ccgggeccgg atgacceegg ceccggecte ctgttcacag gagetcccga 780
gegecgagga caacagcccg atggecagtg acccattagg ggtggtcagg ggeggtcegag 840
tgaacacgca cgctggggga acgggcccgg aaggctgeeg ccecttegece aagttcatct 900
agggtecgetyg gaagggcacce ctctttaacce catccctcag caaacgcage tctteccaag 960
gaccaggtcce cttgacgttce cgaggatggg aaaggtgaca ggggcatgta tggaatttge 1020
tgcttetetg gggtecctte cacaggaggt cctgtgagaa ccaacctttg aggcccaagt 1080
catggggttt caccgcctte ctcactccat atagaacacc tttcccaata ggaaacccca 1140
acaggtaaac tagaaatttc cccttcatga aggtagagag aaggggtctc tcccaacata 1200
tttctettee ttgtgectet ccectcetttate acttttaage ataaaaaaaa aaaaaaaaaa 1260
aaaaaaaaaa aaaagcagtg ggttcctgag ctcaagactt tgaaggtgta gggaagagga 1320
aatcggagat cccagaagct tcectccactge cctatgcatt tatgttagat gecccgatcce 1380
cactggcatt tgagtgtgca aaccttgaca ttaacagctg aatggggcaa gttgatgaaa 1440
acactacttt caagcctteg ttettecttg agcatctetg gggaagagcet gtcaaaagac 1500
tggtggtagg ctggtgaaaa cttgacagct agacttgatg cttgctgaaa tgaggcagga 1560
atcataatag aaaactcagc ctccctacag ggtgagcacc ttctgtcteg ctgtcteect 1620
ctgtgcagcce acagccagag ggcccagaat ggccccactce tgttcccaag cagttcatga 1680
tacagcctca ccttttggec ccatctetgg tttttgaaaa tttggtctaa ggaataaata 1740
gcttttacac tggctcacga aaatctgccce tgctagaatt tgcttttcaa aatggaaata 1800
aattccaact ctcctaagag gcatttaatt aaggctctac ttccaggttg agtaggaatc 1860
cattctgaac aaactacaaa aatgtgactg ggaagggggc tttgagagac tgggactgct 1920
ctgggttagg ttttctgtgg actgaaaaat cgtgtccttt tctctaaatg aagtggcatc 1980
aaggactcag ggggaaagaa atcaggggac atgttataga agttatgaaa agacaaccac 2040
atggtcaggce tcttgtctgt ggtctctagg gctetgcage agcagtgget cttcecgattag 2100
ttaaaactct cctaggctga cacatctggg tctcaatccce cttggaaatt cttggtgcat 2160
taaatgaagc cttaccccat tactgcggtt cttectgtaa gggggctcca ttttectece 2220
tctctttaaa tgaccaccta aaggacagta tattaacaag caaagtcgat tcaacaacag 2280
cttcttecca gtcacttttt tttttctcac tgccatcaca tactaacctt atactttgat 2340
ctattctttt tggttatgag agaaatgttg ggcaactgtt tttacctgat ggttttaagc 2400
tgaacttgaa ggactggttc ctattctgaa acagtaaaac tatgtataat agtatatagc 2460
catgcatggc aaatatttta atatttctgt tttcatttcc tgttggaaat attatcctgce 2520
ataatagcta ttggaggctc ctcagtgaaa gatcccaaaa ggattttggt ggaaaactag 2580
ttgtaatctc acaaactcaa cactaccatc aggggttttc tttatggcaa agccaaaata 2640
gctectacaa tttettatat ccctegtcat gtggcagtat ttatttattt atttggaagt 2700
ttgcctatce ttctatattt atagatattt ataaaaatgt aacccctttt tectttette 2760
tgtttaaaat aaaaataaaa tttatctcag cttctgttag cttatcctcect ttgtagtact 2820
acttaaaagc atgtcggaat ataagaataa aaaggattat gggaggggaa cattagggaa 2880
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atccagagaa ggcaaaattg aaaaaaagat tttagaattt

tccattcata aggagactca atgattttaa ttgatctaga

caatattgga tttctggt

<210> SEQ ID NO 3
<211> LENGTH: 251
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Leu Gly Ala Arg Leu Arg Leu

1 5

Cys Ser Met Ser Val Leu Arg Ala

20

Gly Ser Ser Trp Gly Gly Leu Ile

35

40

Asn Ser Tyr His Leu Gln Ile His

50

Pro His Gln Thr Ile Tyr Ser Ala

65 70

Gly Phe Val Val Ile Thr Gly Val

85

Asp Phe Arg Gly Asn Ile Phe Gly

100

Cys Arg Phe Gln His Gln Thr Leu

115

120

Ser Pro Gln Tyr His Phe Leu Val

130

135

Phe Leu Pro Gly Met Asn Pro Pro
145 150

Arg Asn Glu Ile Pro Leu Ile His

165

His Thr Arg Ser Ala Glu Asp Asp

180

Leu Lys Pro Arg Ala Arg Met Thr

195

200

Glu Leu Pro Ser Ala Glu Asp Asn

210

215

Gly Val Val Arg Gly Gly Arg Val
225 230

Pro Glu Gly Cys Arg Pro Phe Ala

245

<210> SEQ ID NO 4
<211> LENGTH: 1814
<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

gaatctagce caggatccce

cagcaagggce ccagectgte

getgtgcaat gctagggace

gettgggeac tgctagagece

acctcagtte

tgggagtgtc

tgccttagac

tatccggaca

Trp Val Cys
10

Tyr Pro Asn
25

His Leu Tyr

Lys Asn Gly

Leu Met Ile

75

Met Ser Arg
90

Ser His Tyr
105

Glu Asn Gly

Ser Leu Gly

Pro Tyr Ser
155

Phe Asn Thr
170

Ser Glu Arg
185

Pro Ala Pro

Ser Pro Met

Asn Thr His
235

Lys Phe Ile
250

tcagettett
agatttcaaa

tCCtggtggg

cttcccecatt

taaaattttc aaagatttct

cagaattatt taagttttat

Ala

Ala

Thr

His

Arg

Arg

Phe

Tyr

Arg

140

Gln

Pro

Asp

Ala

Ala

220

Ala

Leu

Ser

Ala

45

Val

Ser

Tyr

Asp

Asp

125

Ala

Phe

Ile

Pro

Ser

205

Ser

Gly

Cys

Pro

30

Thr

Asp

Glu

Leu

Pro

110

Val

Lys

Leu

Pro

Leu

190

Cys

Asp

Gly

cctaggaaga

ctcagcatta

cgtgetetge

gettggetee

Ser Val
15

Leu Leu

Ala Arg

Gly Ala

Asp Ala
80

Cys Met
95

Glu Asn

Tyr His

Arg Ala

Ser Arg
160

Arg Arg
175

Asn Val

Ser Gln

Pro Leu

Thr Gly
240

agagaaaggc
gccactcagt

actgtctgea

aactggggaa

2940

3000

3018

60

120

180

240
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gectgacceca

atggtcatgt

aggacgccgg

tccacggcaa

ggacgctgga

tgggCCgCgC

tggctegeag

cgegeagege

gegecacgee

cecgeagecag

¢gggaggege

gegteegect

aggatgtctg

ggcaccgceta

tctecageace

cacatccaca

accccaacag

agacacttgg

daggaaagag

attctgggat

agtcgaagaa

acaaggacac

atgattctgt

ccttgetagy

gtgaaagcct

ggggtggagyg

tttctgtgaa

cctgtacacyg

agatggcacc

ctctgtggty

catttttgga

gaatggctat

caagcgcatce

gaacgaggtce

cgaggaccca

tgtgcctgta

cgatcetetyg

ggataggtgt

ccatccteca

cttectetece

ttcagaatta

cacaaatacc

cacacacaca

gtaaactaga

cctttattag

ttcacgeett

tcacgggtgt

agacgcgeat

ctaaaccgaa

gataggacca

gtgttttgea

ccgetageag

tggggtgggg

gagg

<210> SEQ ID NO 5
<211> LENGTH: 251
<212> TYPE:
<213> ORGANISM: Mus musculus

PRT

<400> SEQUENCE: 5

gctacageca

ccccatcaga

ataacaggag

tcgetteact

gacgtctact

ttccagecegy

cegetgetge

ccggagcgceyg

tcctgetete

ggggtgctge

cgceecttte

gtceggttcag

ttcectatgyg

agagccaacg

tgtaattcta

cacacataca

cacgaagcetce

cegggtetet

gaacacaggg

ttgagtttga

ttcttctett

cacatttcag

gtcagtagcet

aaatgcaaac

gttgacttgt

gagaagggtc

Met Leu Gly Thr Cys Leu Arg Leu

1

Cys

Gly

Thr

Pro

65

Gly

Ser

Ser

Ser

50

His

Ser

Leu

Asn

35

Tyr

Gln

Val

Gly Thr Ala Arg Ala

20

Trp Gly Ser Leu Thr

40

His Leu Gln Ile His

55

Thr Ile Tyr Ser Ala

70

Val Ile Thr Gly Ala

85

ggaccagcta
ccatctacag
ccatgacteg
tcagcccaga
tgtcgcagaa
gcaccaacce
atttctacac
acccactgaa
gegagetgee
gecagaggecg
ccaggttegt
cccacgtaga
gectgagagt
gtgggagget
gctccagggy
tgtaatttta
tttttatttt
tgcctageat
aagaggccat
gcaccttgac
tgggaagagce
agttcagect
tttgaatttg
gctegaacte
aatatattct

cttgagacct

Leu Val Gly
10

Tyr Pro Asp
25

His Leu Tyr

Arg Asp Gly

Leu Met Ile
75

Met Thr Arg
90

tcacctacag atccataggg

tgcecctgatyg

aaggttcett

gaattgcaag

gcatcactac

geegeectte

tgttcgeeca

cgtgctcaag

gagcgceagag

tggagatgcet

ctaggtccece

ggaaggacta

cacctgcgag

ggagaggtgg

aatctgtact

aatgttaatc

attttactaa

tttaatcgat

ctctgeaget

cttaatgtct

tttggattgg

ccctgaggaa

ccectggetea

tctctaaaga

aagcgaatgt

cggattgtte

Val

Thr

Thr

His

60

Thr

Arg

Leu

Ser

Ala

45

Val

Ser

Phe

Cys

Pro

30

Thr

Asp

Glu

Leu

attacatcag
tgtatggatc
ttcegecagt
ctggtgagee
tcccagttee
cggegecaca
cegeggecce
gaaggtggece
cgcegggggcey
aggccagget
gggtaccteg
gttccageca
cgcagacagt
cacacacaca
tgatttaaag
caggtaaacc
cagttagcac
tctagttact
tcactaggca
cgggaggctg
tgattcgeca
gcaaagtcta
ggcattttta
gececggggtyg

taggttaggg

Thr Val
15

Leu Leu

Ala Arg

Gly Thr

Asp Ala

80

Cys Met
95

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1814
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60

Asp Leu His
Cys Lys Phe
115

Ser Gln Lys
130

Phe Gln Pro
145

Arg Asn Glu

His Thr Arg

Leu Lys Pro

195

Glu Leu Pro
210

Gly Val Leu
225

Ala Asp Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Asn Ile Phe Gly

100

Arg Gln Trp Thr Leu

120

His His Tyr Leu Val

135

Gly Thr Asn Pro Pro
150

Val Pro Leu Leu His

165

Ser Ala Glu Asp Pro

180

Arg Pro Arg Ala Thr

200

Ser Ala Glu Glu Gly

215

Arg Arg Gly Arg Gly
230

Cys Arg Pro Phe Pro

245
D NO 6
H: 5012

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

cgcgeageat

cgectgetget

gegegeagac

agggcacctt

geggetggea

tggcacccee

agccegecac

cgctgegega

ccaatggcag

agcggcetgeg

agcgectgea

attacgcgga

acaacccecta

ggggcagccc

tctggeatcet

taagctctca

aatctectgga

ccgagageat

agttcatcaa

aacttttgga

gecegecage

ggtgctgctg

ctgggecegt

cececegacgge

gcagcacgge

gggagactce

cggggacgta

gCthgggtC

CgnggCgtC

ggagctggge

ggacgcctac

getetgette

cgtggtggcee

geggetceggg

ctacaatact

ctggatcaat

ctttgtacta

gaagaataac

aggaactgct

cccteacatg

geceegecge

ggectgggeg

ttctegegge

ttcectetggy

aagggtgcgt

cggaacgeca

gccagegaca

actcactacc

cccaaccgeg

gtgcagcccyg

ggcggetggyg

cgccactteg

tggcacggcet

tacctggtygyg

tettteegte

cctegaagaa

ggttggtttyg

ctttcatcta

gacttttttyg

aagttcegec

Ser Leu His
105

Glu Asn Gly

Ser Leu Gly

Pro Phe Ser

155

Phe Tyr Thr
170

Pro Glu Arg
185

Pro Val Pro

Gly Pro Ala

Asp Ala Arg

235

Arg Phe Val
250

geegecegeyg
geegeegect
ctectgecee
cegtgggeag
ccatctggga
gtctgeegtt
gctacaacaa
gettetecat
aggggctgeg
tggtcaccct
ccaaccgege
geggtcaggt
acgccaccgyg
cgcacaacct
ccactcaggyg
tgaccgacca
ccaaaccegt
ttctgectga
ctetttgett

aattggaatc

Phe Ser Pro
110

Tyr Asp Val
125

Arg Ala Lys
140

Gln Phe Leu

Val Arg Pro

Asp Pro Leu

190

Val Ser Cys
205

Ala Ser Asp
220

Gly Gly Ala

geegeegecg
gegtgeggag
cgaggecgeg
cgecegectac
tacgttcacc
gggegecceg
cgtettecge
ctcgtgggcyg
ctactaccgyg
gtaccactgg
cctggecgac
caagtactgg
gegectggece
cctectgget
aggtcaggtg
cagcatcaaa
atttattgat
ttttactgaa
tggacccace

tcccaaccty

Glu Asn

Tyr Leu

Arg Ile

Ala Arg
160

Arg Arg
175

Asn Val

Ser Arg

Pro Leu

Gly Gly
240

cegtegetgt
cegggegacyg
ggcctettee
cagaccgagg
caccaccece
tegecgetge
gacacggagg
cgagtgctee
cgectgetygy
gacctgecce
cacttcaggyg
atcaccatcg
cceggeatee
catgccaaag
tccattgece
gaatgtcaaa
ggtgactatc
tctgagaaaa
ttgagtttte

aggcaactge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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tttcctggat tgaccttgaa tttaaccatc ctcaaatatt tattgtggaa aatggctggt 1260
ttgtctcagg gaccaccaag agagatgatg ccaaatatat gtattacctc aaaaagttca 1320
tcatggaaac cttaaaagcc atcaagctgg atggggtgga tgtcatcggg tataccgcat 1380
ggtcecctecat ggatggttte gagtggcaca gaggttacag catcaggcgt ggactcttcet 1440
atgttgactt tctaagccag gacaagatgt tgttgccaaa gtcttcagce ttgttctacc 1500
aaaagctgat agagaaaaat ggcttcccte ctttacctga aaatcagccce ctagaaggga 1560
catttcectg tgactttget tggggagttg ttgacaacta cattcaagta gataccactce 1620
tgtctcagtt taccgacctg aatgtttacce tgtgggatgt ccaccacagt aaaaggctta 1680
ttaaagtgga tggggttgtg accaagaaga ggaaatccta ctgtgttgac tttgctgceca 1740
tccagececca gatcgcecttta ctceccaggaaa tgcacgttac acattttcege ttetecctgg 1800
actgggccct gattctcect ctgggtaace agtcccaggt gaaccacacc atcctgcagt 1860
actatcgetg catggccage gagcttgtcee gtgtcaacat caccccagtg gtggecctgt 1920
ggcagcctat ggecccgaac caaggactgce cgcgectect ggecaggcag ggegectggyg 1980
agaaccccta cactgccetg gectttgcag agtatgceccg actgtgcettt caagagetceg 2040
gccatcacgt caagctttgg ataacgatga atgagccgta tacaaggaat atgacataca 2100
gtgctggeca caaccttctg aaggcccatg ccctggcttyg gcatgtgtac aatgaaaagt 2160
ttaggcatgc tcagaatggg aaaatatcca tagccttgca ggctgattgg atagaacctg 2220
cctgeecttt ctcecccaaaag gacaaagagg tggctgagag agttttggaa tttgacattg 2280
gctggcectgge tgageccatt tteggctetg gagattatec atgggtgatg agggactgge 2340
tgaaccaaag aaacaatttt cttcttecctt atttcactga agatgaaaaa aagctaatcc 2400
agggtacctt tgactttttg gctttaagcce attataccac catccttgta gactcagaaa 2460
aagaagatcc aataaaatac aatgattacc tagaagtgca agaaatgacc gacatcacgt 2520
ggctcaacte ccccagtcag gtggcggtag tgccctgggg gttgcgcaaa gtgctgaact 2580
ggctgaagtt caagtacgga gacctcccca tgtacataat atccaatgga atcgatgacyg 2640
ggctgcatge tgaggacgac cagctgaggg tgtattatat gcagaattac ataaacgaag 2700
ctctcaaagce ccacatactg gatggtatca atctttgegg atactttget tattcgttta 2760
acgaccgcac agctccgagg tttggcectcet atcgttatge tgcagatcag tttgagccca 2820
aggcatccat gaaacattac aggaaaatta ttgacagcaa tggtttcccg ggcccagaaa 2880
ctctggaaag attttgtcca gaagaattca ccgtgtgtac tgagtgcagt ttttttcaca 2940
cccgaaagtce tttactgget ttcatagett ttectattttt tgcttcectatt atttctetet 3000
ccettatatt ttactacteg aagaaaggca gaagaagtta caaatagttc tgaacatttt 3060
tctattcatt cattttgaaa taattatgca gacacatcag ctgttaacca tttgcacctce 3120
taagtgttgt gaaactgtaa atttcataca tttgacttct agaaaacatt tttgtggcett 3180
atgacagagg ttttgaaatg ggcataggtg atcgtaaaat attgaataat gcgaatagtg 3240
cctgaatttg ttctettttt gggtgattaa aaaactgaca ggcactataa tttctgtaac 3300
acactaacaa aagcatgaaa aataggaacc acaccaatgc aacatttgtg cagaaatttg 3360
aatgacaaga ttaggaatat tttcttectgce acccacttcect aaatttaatg tttttetgga 3420
agtagtaatt gcaagagttc gaatagaaag ttatgtacca agtaaccatt tctcagctgc 3480
cataataatg cctagtggct tcecccctetgt caaatctagt ttcecctatgga aaagaagatg 3540
gcagatacag gagagacgac agagggtcct aggctggaat gttcecctttcecg aaagcaatge 3600



63

US 9,272,017 B2

-continued
ttctatcaaa tactagtatt aatttatgta tctggttaat gacatacttg gagagcaaat 3660
tatggaaatg tgtattttat atgatttttg aggtcctgtc taaaccctgt gtcecctgagg 3720
gatctgtete actggcatct tgttgaggge cttgcacata ggaaactttt gataagtatc 3780
tgcggaaaaa caaacatgaa tcctgtgata ttgggctcett caggaagcat aaagcaattg 3840
tgaaatacag tataccgcag tggctctagg tggaggaaag gaggaaaaag tgcttattat 3900
gtgcaacatt atgattaatc tgattataca ccatttttga gcagatcttg gaatgaatga 3960
catgaccttt ccctagagaa taaggatgaa ataatcactc attctatgaa cagtgacact 4020
actttctatt ctttagctgt actgtaattt ctttgagttg atagttttac aaattcttaa 4080
taggttcaaa agcaatctgg tctgaataac actggatttg tttctgtgat ctctgaggtce 4140
tattttatgt ttttgctgct acttctgtgg aagtagcettt gaactagttt tactttgaac 4200
tttcacgctg aaacatgcta gtgatatcta gaaagggcta attaggtctce atcctttaat 4260
gccecttaaa taagtcecttge tgattttcag acagggaagt ctcectctatta cactggaget 4320
gttttataga taagtcaata ttgtatcagg caagataaac caatgtcata acaggcattg 4380
ccaacctcac tgacacaggg tcatagtgta taataatata ctgtactata taatatatca 4440
tctttagagg tatgattttt tcatgaaaga taagcttttg gtaatattca ttttaaagtg 4500
gacttattaa aattggatgc tagagaatca agtttatttt atgtatatat ttttctgatt 4560
ataagagtaa tatatgttca ttgtaaaaat ttttaaaaca cagaaactat atgcaaagaa 4620
aaaataaaaa ttatctataa tctcagaacc cagaaatagc cactattaac atttcctacg 4680
tattttattt tacatagatc atattgtata tagttagtat ctttattaat ttttattatg 4740
aaactttcct ttgtcattat tagtcttcaa aagcatgatt tttaatagtt gttgagtatt 4800
ccaccacagg aatgtatcac aacttaaccg ttcccgtttg ttagactagt ttcttattaa 4860
tgttgatgaa tgttgtttaa aaataatttt gttgctacat ttactttaat ttccttgact 4920
gtaaagagaa gtaattttgc tccttgataa agtattatat taataataaa tctgcctgcea 4980
actttttgce ttctttcata atcataaaaa aa 5012
<210> SEQ ID NO 7
<211> LENGTH: 910
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
Asp Ser Arg Asn Ala Ser Leu Pro Leu Gly Ala Pro Ser Pro Leu Gln
1 5 10 15
Pro Ala Thr Gly Asp Val Ala Ser Asp Ser Tyr Asn Asn Val Phe Arg
20 25 30
Asp Thr Glu Ala Leu Arg Glu Leu Gly Val Thr His Tyr Arg Phe Ser
35 40 45
Ile Ser Trp Ala Arg Val Leu Pro Asn Gly Ser Ala Gly Val Pro Asn
50 55 60
Arg Glu Gly Leu Arg Tyr Tyr Arg Arg Leu Leu Glu Arg Leu Arg Glu
65 70 75 80
Leu Gly Val Gln Pro Val Val Thr Leu Tyr His Trp Asp Leu Pro Gln
85 90 95
Arg Leu Gln Asp Ala Tyr Gly Gly Trp Ala Asn Arg Ala Leu Ala Asp
100 105 110
His Phe Arg Asp Tyr Ala Glu Leu Cys Phe Arg His Phe Gly Gly Gln
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66

Val

Gly

145

Leu

Trp

Ser

Phe

225

Asn

Phe

Leu

Ser

His

305

Thr

Met

Tyr

Ser

Met

385

Lys

Phe

Asp

Val

Lys

465

Ala

Trp

Ile

Ile

Lys

130

Tyr

Gly

His

Ile

Ser

210

Ala

Asn

Ile

Ser

Pro

290

Pro

Lys

Glu

Thr

Ile

370

Leu

Asn

Pro

Thr

His

450

Arg

Leu

Ala

Leu

Thr
530

115

Tyr

Ala

Tyr

Leu

Ala

195

Ile

Lys

Leu

Lys

Phe

275

Asn

Gln

Arg

Thr

Ala

355

Arg

Leu

Gly

Cys

Thr

435

His

Lys

Leu

Leu

Gln
515

Pro

Trp

Thr

Leu

Tyr

180

Leu

Lys

Pro

Ser

Gly

260

Gln

Leu

Ile

Asp

Leu

340

Trp

Arg

Pro

Phe

Asp

420

Leu

Ser

Ser

Gln

Ile
500

Tyr

Val

Ile

Gly

Val

165

Asn

Ser

Glu

Val

Ser

245

Thr

Leu

Arg

Phe

Asp

325

Lys

Ser

Gly

Lys

Pro

405

Phe

Ser

Lys

Tyr

Glu
485
Leu

Tyr

Val

Thr

Arg

150

Ala

Thr

Ser

Cys

Phe

230

Ile

Ala

Leu

Gln

Ile

310

Ala

Ala

Leu

Leu

Ser

390

Pro

Ala

Gln

Arg

Cys

470

Met

Pro

Arg

Ala

Ile

135

Leu

His

Ser

His

Gln

215

Ile

Leu

Asp

Asp

Leu

295

Val

Lys

Ile

Met

Phe

375

Ser

Leu

Trp

Phe

Leu

455

Val

His

Leu

Cys

Leu
535

120

Asp

Ala

Asn

Phe

Trp

200

Lys

Asp

Pro

Phe

Pro

280

Leu

Glu

Tyr

Lys

Asp

360

Tyr

Ala

Pro

Gly

Thr

440

Ile

Asp

Val

Gly

Met
520

Trp

Asn

Pro

Leu

Arg

185

Ile

Ser

Gly

Asp

Phe

265

His

Ser

Asn

Met

Leu

345

Gly

Val

Leu

Glu

Val

425

Asp

Lys

Phe

Thr

Asn
505

Ala

Gln

Pro

Gly

Leu

170

Pro

Asn

Leu

Asp

Phe

250

Ala

Met

Trp

Gly

Tyr

330

Asp

Phe

Asp

Phe

Asn

410

Val

Leu

Val

Ala

His
490
Gln

Ser

Pro

Tyr

Ile

155

Leu

Thr

Pro

Asp

Tyr

235

Thr

Leu

Lys

Ile

Trp

315

Tyr

Gly

Glu

Phe

Tyr

395

Gln

Asp

Asn

Asp

Ala

475

Phe

Ser

Glu

Met

Val

140

Arg

Ala

Gln

Arg

Phe

220

Pro

Glu

Cys

Phe

Asp

300

Phe

Leu

Val

Trp

Leu

380

Gln

Pro

Asn

Val

Gly

460

Ile

Arg

Gln

Leu

Ala
540

125

Val

Gly

His

Gly

Arg

205

Val

Glu

Ser

Phe

Arg

285

Leu

Val

Lys

Asp

His

365

Ser

Lys

Leu

Tyr

Tyr

445

Val

Gln

Phe

Val

Val
525

Pro

Ala

Ser

Ala

Gly

190

Met

Leu

Ser

Glu

Gly

270

Gln

Glu

Ser

Lys

Val

350

Arg

Gln

Leu

Glu

Ile

430

Leu

Val

Pro

Ser

Asn
510

Arg

Asn

Trp

Pro

Lys

175

Gln

Thr

Gly

Met

Lys

255

Pro

Leu

Phe

Gly

Phe

335

Ile

Gly

Asp

Ile

Gly

415

Gln

Trp

Thr

Gln

Leu
495
His

Val

Gln

His

Arg

160

Val

Val

Asp

Trp

Lys

240

Lys

Thr

Glu

Asn

Thr

320

Ile

Gly

Tyr

Lys

Glu

400

Thr

Val

Asp

Lys

Ile

480

Asp

Thr

Asn

Gly
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Leu Pro Arg Leu Leu Ala Arg Gln Gly Ala Trp Glu Asn Pro Tyr Thr
545 550 555 560

Ala Leu Ala Phe Ala Glu Tyr Ala Arg Leu Cys Phe Gln Glu Leu Gly
565 570 575

His His Val Lys Leu Trp Ile Thr Met Asn Glu Pro Tyr Thr Arg Asn
580 585 590

Met Thr Tyr Ser Ala Gly His Asn Leu Leu Lys Ala His Ala Leu Ala
595 600 605

Trp His Val Tyr Asn Glu Lys Phe Arg His Ala Gln Asn Gly Lys Ile
610 615 620

Ser Ile Ala Leu Gln Ala Asp Trp Ile Glu Pro Ala Cys Pro Phe Ser
625 630 635 640

Gln Lys Asp Lys Glu Val Ala Glu Arg Val Leu Glu Phe Asp Ile Gly
645 650 655

Trp Leu Ala Glu Pro Ile Phe Gly Ser Gly Asp Tyr Pro Trp Val Met
660 665 670

Arg Asp Trp Leu Asn Gln Arg Asn Asn Phe Leu Leu Pro Tyr Phe Thr
675 680 685

Glu Asp Glu Lys Lys Leu Ile Gln Gly Thr Phe Asp Phe Leu Ala Leu
690 695 700

Ser His Tyr Thr Thr Ile Leu Val Asp Ser Glu Lys Glu Asp Pro Ile
705 710 715 720

Lys Tyr Asn Asp Tyr Leu Glu Val Gln Glu Met Thr Asp Ile Thr Trp
725 730 735

Leu Asn Ser Pro Ser Gln Val Ala Val Val Pro Trp Gly Leu Arg Lys
740 745 750

Val Leu Asn Trp Leu Lys Phe Lys Tyr Gly Asp Leu Pro Met Tyr Ile
755 760 765

Ile Ser Asn Gly Ile Asp Asp Gly Leu His Ala Glu Asp Asp Gln Leu
770 775 780

Arg Val Tyr Tyr Met Gln Asn Tyr Ile Asn Glu Ala Leu Lys Ala His
785 790 795 800

Ile Leu Asp Gly Ile Asn Leu Cys Gly Tyr Phe Ala Tyr Ser Phe Asn
805 810 815

Asp Arg Thr Ala Pro Arg Phe Gly Leu Tyr Arg Tyr Ala Ala Asp Gln
820 825 830

Phe Glu Pro Lys Ala Ser Met Lys His Tyr Arg Lys Ile Ile Asp Ser
835 840 845

Asn Gly Phe Pro Gly Pro Glu Thr Leu Glu Arg Phe Cys Pro Glu Glu
850 855 860

Phe Thr Val Cys Thr Glu Cys Ser Phe Phe His Thr Arg Lys Ser Leu
865 870 875 880

Leu Ala Phe Ile Ala Phe Leu Phe Phe Ala Ser Ile Ile Ser Leu Ser
885 890 895

Leu Ile Phe Tyr Tyr Ser Lys Lys Gly Arg Arg Ser Tyr Lys
900 905 910

<210> SEQ ID NO 8

<211> LENGTH: 5917

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

agatgcaggg gcgcaaacgce caaaggagac caggctgtag gaagagaagg gcagagcegece
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ggacagcteg gecegetcecee cgtectttgg ggccgegget ggggaactac aaggcccage 120
aggcagcetge agggggcgga ggcggaggag ggaccagege gggtgggagt gagagagcga 180
geectegege cecgecggeg catagegete ggagegetcet tgeggecaca ggegeggegt 240
ccteggegge gggeggcage tagcgggage cgggacgecg gtgcagecge agcegegegga 300
ggaacceggyg tgtgccggga getgggegge cacgtecgga cgggaccgag acccectegta 360
gegeattgeyg gegacctege ctteccegge cgcgagegeg cegetgettg aaaagccgeg 420
gaacccaagyg acttttctee ggteccgaget cggggegece cgcagggege acggtaccceg 480
tgctgcagte gggcacgecg cggcgecggg gectecegeag ggcgatggag ccceggtetge 540
aaggaaagtg aggcgccgcece getgegttet ggaggagggyg ggcacaaggt ctggagacce 600
cgggtggegyg acgggagece tcccceegee cegecteegyg ggcaccaget ccggetccat 660
tgtteccegee cgggetggag gegccgagea cegagegecyg cegggagteyg agegecggece 720
geggagetet tgcgaccceg ccaggaccceg aacagagcece gggggeggeg ggecggagec 780
ggggacgcegyg gcacacgccee gctcegcacaa gecacggegg actcteccga ggeggaacct 840
ccacgecgag cgagggtcag tttgaaaagg aggatcgage tcactgtgga gtatccatgg 900
agatgtggag ccttgtcacc aacctctaac tgcagaactyg ggatgtggag ctggaagtge 960
ctecctettet gggctgtget ggtcacagce acactctgca cecgctaggece gtceccccgace 1020
ttgcctgaac aagcccagec ctggggagcce cctgtggaag tggagtcctt cctggtecac 1080
cceggtgace tgctgcaget tegetgtcegg ctgecgggacg atgtgcagag catcaactgg 1140
ctgcgggacyg gggtgcagcet ggcggaaagce aaccgcaccece gcatcacagyg ggaggaggtg 1200
gaggtgcagg actccgtgce cgcagactcc ggcectcectatg cttgcegtaac cagcageccce 1260
tcgggcagtg acaccaccta cttcecteegte aatgtttcag atgctcectceee ctecteggag 1320
gatgatgatg atgatgatga ctcctcttca gaggagaaag aaacagataa caccaaacca 1380
aaccgtatgce ccgtagctcece atattggaca tccccagaaa agatggaaaa gaaattgcat 1440
gcagtgcegyg ctgccaagac agtgaagttc aaatgccctt ccagtgggac cccaaacccece 1500
acactgcgct ggttgaaaaa tggcaaagaa ttcaaacctg accacagaat tggaggctac 1560
aaggtcegtt atgccacctg gagcatcata atggactcectg tggtgcccte tgacaagggce 1620
aactacacct gcattgtgga gaatgagtac ggcagcatca accacacata ccagctggat 1680
gtegtggage ggtcccctca ccggeccate ctgcaagcag ggttgceccge caacaaaaca 1740
gtggccctgg gtagcaacgt ggagttcatg tgtaaggtgt acagtgaccc gcagccgcac 1800
atccagtggce taaagcacat cgaggtgaat gggagcaaga ttggcccaga caacctgect 1860
tatgtccaga tcttgaagac tgctggagtt aataccaccg acaaagagat ggaggtgcett 1920
cacttaagaa atgtctcctt tgaggacgca ggggagtata cgtgcttggce gggtaactct 1980
atcggactct cccatcacte tgcatggttg accgttetgg aagccctgga agagaggcecyg 2040
gcagtgatga cctecgcccct gtacctggag atcatcatcet attgcacagg ggccttecte 2100
atctcctgca tggtggggtce ggtcatcgtce tacaagatga agagtggtac caagaagagt 2160
gacttccaca gccagatgge tgtgcacaag ctggccaaga gcatccectet gegcagacag 2220
gtaacagtgt ctgctgactc cagtgcatcc atgaactctg gggttcecttcect ggttcecggeca 2280
tcacggctcet cctcecagtgg gactcccatg ctagcagggg tcectctgagta tgagettcece 2340
gaagacccte getgggaget gectegggac agactggtet taggcaaacc cctgggagag 2400



71

US 9,272,017 B2

-continued
ggctgctttyg ggcaggtggt gttggcagag gctatcgggce tggacaagga caaacccaac 2460
cgtgtgacca aagtggctgt gaagatgttg aagtcggacg caacagagaa agacttgtca 2520
gacctgatct cagaaatgga gatgatgaag atgatcggga agcataagaa tatcatcaac 2580
ctgctggggg cctgcacgca ggatggtcce ttgtatgtca tecgtggagta tgcctcecaag 2640
ggcaacctyge gggagtacct gcaggeccgg aggcccccag ggctggaata ctgctacaac 2700
cccagecaca acccagagga gcagctctece tecaaggace tggtgtcectyg cgcectaccag 2760
gtggccegayg gcatggagta tctggectcee aagaagtgca tacaccgaga cctggcagec 2820
aggaatgtcc tggtgacaga ggacaatgtg atgaagatag cagactttgg cctcgcacgg 2880
gacattcacc acatcgacta ctataaaaag acaaccaacg gccgactgcece tgtgaagtgg 2940
atggcacccg aggcattatt tgaccggatc tacacccacc agagtgatgt gtggtcecttte 3000
ggggtgctee tgtgggagat cttcactctg ggcggctcece catacccegg tgtgectgtyg 3060
gaggaacttt tcaagctgct gaaggagggt caccgcatgg acaagcccag taactgcacce 3120
aacgagctgt acatgatgat gcgggactgc tggcatgcag tgccctcaca gagacccacce 3180
ttcaagcagc tggtggaaga cctggaccgce atcgtggect tgacctccaa ccaggagtac 3240
ctggacctgt ccatgccect ggaccagtac tccecccaget ttcecccgacac ccggagetcet 3300
acgtgctect caggggagga ttccgtectte tctcatgage cgctgcecccga ggagcecctgce 3360
ctgceccgac acccagecca gettgecaat ggeggactcea aacgccgetyg actgecacce 3420
acacgcccte cccagactcce accgtcaget gtaacccteca cccacagece ctgetgggece 3480
caccacctgt cecgtceccctgt ccectttect gctggcagga geccggctgece taccaggggce 3540
cttecectgtgt ggcectgectt caccccacte agctcacctce teccctceccace tectcectecac 3600
ctgctggtga gaggtgcaaa gaggcagatc tttgctgcca geccacttcat ccccteccag 3660
atgttggacc aacacccctce cctgccacca ggcactgect ggagggcagyg gagtgggage 3720
caatgaacag gcatgcaagt gagagcttcc tgagctttet cctgteggtt tggtetgttt 3780
tgccttecace cataagcccece tegcactcectg gtggcaggtg ccecttgtceccte agggctacag 3840
cagtagggag gtcagtgctt cgtgcctcga ttgaaggtga cctctgccece agataggtgg 3900
tgccagtgge ttattaattc cgatactagt ttgctttgect gaccaaatgce ctggtaccag 3960
aggatggtga ggcgaaggcce aggttggggg cagtgttgtyg gecctgggge ccagecccaa 4020
actgggggct ctgtatatag ctatgaagaa aacacaaagt gtataaatct gagtatatat 4080
ttacatgtct ttttaaaagg gtcgttacca gagatttacc catcgggtaa gatgctcctg 4140
gtggctggga ggcatcagtt gctatatatt aaaaacaaaa aagaaaaaaa aggaaaatgt 4200
ttttaaaaag gtcatatatt ttttgctact tttgctgttt tattttttta aattatgttc 4260
taaacctatt ttcagtttag gtccctcaat aaaaattgct gectgcttcat ttatctatgg 4320
gctgtatgaa aagggtggga atgtccactg gaaagaaggg acacccacgg gecctgggge 4380
taggtctgtc ccgagggcac cgcatgctce cggcgcaggt tceccttgtaac ctettettece 4440
taggtcctge acccagacct cacgacgcac ctecctgecte teccgetgcett ttggaaagtce 4500
agaaaaagaa gatgtctgct tcgagggcag gaaccccate catgcagtag aggcegetggg 4560
cagagagtca aggcccagca gccatcgacce atggatggtt tectcecaagyg aaaccggtgg 4620
ggttgggetyg gggagggggce acctacctag gaatagccac ggggtagagc tacagtgatt 4680
aagaggaaag caagggcgcg gttgctcacg cctgtaatece cagcactttyg ggacaccgag 4740
gtgggcagat cacttcaggt caggagtttg agaccagcct ggccaactta gtgaaacccce 4800
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atctctacta

ccacaggagg

attgcgecat

aggtctgeag

ccagtgette

ggcttegttt

ctgtatttgt

atcectgtece

ggaatttact

cegtacctea

ggattactge

attgctgett

gtaaaattct

tgtttaaaga

gecatttgett

gecttggece

aagtccttgg

tgctgttact

aagacagtga

aaaatgcaaa
ctgaggcaga
tgcactccag
aaactgaaac
taagtgcagg
cttgttggta
tgggactgtce
tcaggaacgg
tctgecacct
tggctcaaac
taaatacaaa
taaatttetg
ctttgtttet
aggcatcatt
tgagaccgca
taccttgaag
gagaggtgcet
actcaaatca

aattgacctg

<210> SEQ ID NO 9
<211> LENGTH: 822
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 9

aattatccag
atcccttgaa
cctgggcaac
ccagacatgt
agaacatgtc
tgcctececa
gcagatcttyg
ggggaaaatt
getggtcate
taccactcct
agaaagttca
agctagggat
ctctgtaaat
tggtgaacag
caggagtgtce
caatgttgtg
agaaaaatat
cccacaaatt

aaaaaaaaaa

Homo sapiens

Met Trp Ser Trp Lys Cys Leu Leu

1

Thr

Pro

Asp

Asn

65

Ile

Gly

Tyr

Asp

Lys

145

Met

Leu

Trp

Leu

50

Trp

Thr

Leu

Phe

Asp
130

Pro

Glu

Cys

Gly

35

Leu

Leu

Gly

Tyr

Ser
115
Asp

Asn

Lys

Thr Ala Arg Pro Ser

20

Ala Pro Val Glu Val

40

Gln Leu Arg Cys Arg

55

Arg Asp Gly Val Gln

Glu Glu Val Glu Val

85

Ala Cys Val Thr Ser

100

Val Asn Val Ser Asp

120

Asp Asp Ser Ser Ser

135

Arg Met Pro Val Ala
150

Lys Leu His Ala Val

165

gcatggtgge
getgggagge
agagaaaaca
gtctgeccee
acctgagget
gatecgteett
gettettaca
ctcecgaatgt
actgtectca
cagtcgetat
atatgtttte
tttttggcag
agcacctget
aactaggaaa
tttecttgta
tgaagggatg
aaggcactat
tccccaaaga

aaaaaaa

Phe Trp Ala

Pro Thr Leu
25

Glu Ser Phe

Leu Arg Asp

Leu Ala Glu
75

Gln Asp Ser
90

Ser Pro Ser
105

Ala Leu Pro

Glu Glu Lys

Pro Tyr Trp
155

Pro Ala Ala
170

acacgcctgt aatcccaget

ggaggttgca gtgagccgag

aaaaggaaaa caaatgatga

tctatgtggg catggttttyg

agttttgcat tcaggtccct

cctgtateca tgtgaccaga

gttetteetyg tccaaactece

ttttggtttt ttggetgett

ctaagtggat tctggctcce

attaaagctt atattttget

atttctgtag ggaaaatggyg

ctgcagtgtt ggcgactatt

aacattacaa tttgtattta

tgaattttta gctcttaaaa

aaacagtgat gataatttct

aagaatctaa aagtcttcat

cataattaca gtgatgtcct

ctgcgetage tgtcaaataa

Val

Pro

Leu

Asp

60

Ser

Val

Gly

Ser

Glu

140

Thr

Lys

Leu

Glu

Val

45

Val

Asn

Pro

Ser

Ser

125

Thr

Ser

Thr

Val Thr Ala
15

Gln Ala Gln
30

His Pro Gly

Gln Ser Ile

Arg Thr Arg

Ala Asp Ser
95

Asp Thr Thr
110

Glu Asp Asp

Asp Asn Thr

Pro Glu Lys
160

Val Lys Phe
175

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5917
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76

Lys

Asn

Arg

Lys

225

Leu

Val

Trp

Leu

305

Lys

Gly

Ser

Met

Phe

385

Ser

Leu

Ser

Leu

Leu

465

Gly

Ala

Val

Ile

Ile
545

Val

Arg

Cys

Gly

Tyr

210

Gly

Thr

Gln

Glu

Leu

290

Pro

Glu

Glu

Ala

Thr

370

Leu

Gly

Ala

Ser

Ser

450

Pro

Lys

Ile

Lys

Ser
530
Asn

Glu

Pro

Pro

Lys

195

Ala

Asn

Tyr

Ala

Phe

275

Lys

Tyr

Met

Tyr

Trp

355

Ser

Ile

Thr

Lys

Ala

435

Ser

Glu

Pro

Gly

Met

515

Glu

Leu

Tyr

Pro

Ser

180

Glu

Thr

Tyr

Gln

Gly

260

Met

His

Val

Glu

Thr

340

Leu

Pro

Ser

Lys

Ser

420

Ser

Ser

Asp

Leu

Leu

500

Leu

Met

Leu

Ala

Gly
580

Ser

Phe

Trp

Thr

Leu

245

Leu

Cys

Ile

Gln

Val

325

Cys

Thr

Leu

Cys

Lys

405

Ile

Met

Gly

Pro

Gly

485

Asp

Lys

Glu

Gly

Ser
565

Leu

Gly

Lys

Ser

Cys

230

Asp

Pro

Lys

Glu

Ile

310

Leu

Leu

Val

Tyr

Met

390

Ser

Pro

Asn

Thr

Arg

470

Glu

Lys

Ser

Met

Ala
550

Lys

Glu

Thr

Pro

Ile

215

Ile

Val

Ala

Val

Val

295

Leu

His

Ala

Leu

Leu

375

Val

Asp

Leu

Ser

Pro

455

Trp

Gly

Asp

Asp

Met
535
Cys

Gly

Tyr

Pro

Asp

200

Ile

Val

Val

Asn

Tyr

280

Asn

Lys

Leu

Gly

Glu

360

Glu

Gly

Phe

Arg

Gly

440

Met

Glu

Cys

Lys

Ala

520

Lys

Thr

Asn

Cys

Asn

185

His

Met

Glu

Glu

Lys

265

Ser

Gly

Thr

Arg

Asn

345

Ala

Ile

Ser

His

Arg

425

Val

Leu

Leu

Phe

Pro

505

Thr

Met

Gln

Leu

Tyr
585

Pro

Arg

Asp

Asn

Arg

250

Thr

Asp

Ser

Ala

Asn

330

Ser

Leu

Ile

Val

Ser

410

Gln

Leu

Ala

Pro

Gly

490

Asn

Glu

Ile

Asp

Arg

570

Asn

Thr

Ile

Ser

Glu

235

Ser

Val

Pro

Lys

Gly

315

Val

Ile

Glu

Ile

Ile

395

Gln

Val

Leu

Gly

Arg

475

Gln

Arg

Lys

Gly

Gly

555

Glu

Pro

Leu

Gly

Val

220

Tyr

Pro

Ala

Gln

Ile

300

Val

Ser

Gly

Glu

Tyr

380

Val

Met

Thr

Val

Val

460

Asp

Val

Val

Asp

Lys

540

Pro

Tyr

Ser

Arg

Gly

205

Val

Gly

His

Leu

Pro

285

Gly

Asn

Phe

Leu

Arg

365

Cys

Tyr

Ala

Val

Arg

445

Ser

Arg

Val

Thr

Leu

525

His

Leu

Leu

His

Trp

190

Tyr

Pro

Ser

Arg

Gly

270

His

Pro

Thr

Glu

Ser

350

Pro

Thr

Lys

Val

Ser

430

Pro

Glu

Leu

Leu

Lys

510

Ser

Lys

Tyr

Gln

Asn
590

Leu

Lys

Ser

Ile

Pro

255

Ser

Ile

Asp

Thr

Asp

335

His

Ala

Gly

Met

His

415

Ala

Ser

Tyr

Val

Ala

495

Val

Asp

Asn

Val

Ala
575

Pro

Lys

Val

Asp

Asn

240

Ile

Asn

Gln

Asn

Asp

320

Ala

His

Val

Ala

Lys

400

Lys

Asp

Arg

Glu

Leu

480

Glu

Ala

Leu

Ile

Ile
560

Arg

Glu
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-continued

78

Glu

Arg

Ala

625

Asp

Thr

Phe

Leu

Pro

705

Lys

Trp

Asp

Leu

Ser

785

Leu

Gly

Gln

Gly

610

Ala

Phe

Thr

Asp

Leu

690

Val

Pro

His

Leu

Ser

770

Ser

Pro

Gly

Leu

595

Met

Arg

Gly

Asn

Arg

675

Trp

Glu

Ser

Ala

Asp

755

Met

Thr

Glu

Leu

Ser

Glu

Asn

Leu

Gly

660

Ile

Glu

Glu

Asn

Val

740

Arg

Pro

Cys

Glu

Lys
820

Ser Lys Asp Leu
600

Tyr Leu Ala Ser
615

Val Leu Val Thr
630

Ala Arg Asp Ile
645

Arg Leu Pro Val
Tyr Thr His Gln
680

Ile Phe Thr Leu
695

Leu Phe Lys Leu
710

Cys Thr Asn Glu
725

Pro Ser Gln Arg
Ile Val Ala Leu
760

Leu Asp Gln Tyr
775

Ser Ser Gly Glu
790

Pro Cys Leu Pro
805

Arg Arg

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ala
1

Thr

Arg

Arg

65

Phe

Tyr

Arg

Gln

Ser Pro Leu

Ala

Val

Ser

50

Tyr

Asp

Asp

Ala

Phe
130

Thr

Asp

Glu

Leu

Pro

Val

Lys

115

Leu

Ala

20

Gly

Asp

Cys

Glu

Tyr

100

Arg

Ser

224

Homo sapiens
10

Leu Gly Ser Ser

Arg Asn Ser Tyr

Ala Pro His Gln
40

Ala Gly Phe Val
55

Met Asp Phe Arg
70

Asn Cys Arg Phe
85

His Ser Pro Gln

Ala Phe Leu Pro
120

Arg Arg Asn Glu
135

Val

Lys

Glu

His

Lys

665

Ser

Gly

Leu

Leu

Pro

745

Thr

Ser

Asp

Arg

Trp

His

25

Thr

Val

Gly

Gln

Tyr
105

Gly

Ile

Ser

Lys

Asp

His

650

Trp

Asp

Gly

Lys

Tyr

730

Thr

Ser

Pro

Ser

His
810

Gly

10

Leu

Ile

Ile

Asn

His

90

His

Met

Pro

Cys

Cys

Asn

635

Ile

Met

Val

Ser

Glu

715

Met

Phe

Asn

Ser

Val

795

Pro

Gly

Gln

Tyr

Thr

Ile

75

Gln

Phe

Asn

Leu

Ala

Ile

620

Val

Asp

Ala

Trp

Pro

700

Gly

Met

Lys

Gln

Phe

780

Phe

Ala

Leu

Ile

Ser

Gly

60

Phe

Thr

Leu

Pro

Ile
140

Tyr

605

His

Met

Tyr

Pro

Ser

685

Tyr

His

Met

Gln

Glu

765

Pro

Ser

Gln

Ile

His

Ala

45

Val

Gly

Leu

Val

Pro

125

His

Gln

Arg

Lys

Tyr

Glu

670

Phe

Pro

Arg

Arg

Leu

750

Tyr

Asp

His

Leu

His

Lys

30

Leu

Met

Ser

Glu

Ser

110

Pro

Phe

Val

Asp

Ile

Lys

655

Ala

Gly

Gly

Met

Asp

735

Val

Leu

Thr

Glu

Ala
815

Leu

15

Asn

Met

Ser

His

Asn

95

Leu

Tyr

Asn

Ala

Leu

Ala

640

Lys

Leu

Val

Val

Asp

720

Cys

Glu

Asp

Arg

Pro

800

Asn

Tyr

Gly

Ile

Arg

Tyr

80

Gly

Gly

Ser

Thr



79

US 9,272,017 B2

-continued

80

Pro

145

Asp

Ala

Ala

Ala

Ile Pro Arg

Pro Leu Asn

Ser Cys Ser

180

Ser Asp Pro
195

Gly Gly Thr
210

<210> SEQ ID NO

<211> LENGTH: 72

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ser

1

Arg

Ser

Arg

Cys
65

Ala Glu Asp
Ala Arg Met
20

Ala Glu Asp
35

Gly Gly Arg
50

Arg Pro Phe

Arg His Thr Arg
150

Val Leu Lys Pro
165

Gln Glu Leu Pro

Leu Gly Val Val

200

Gly Pro Glu Gly
215

11

Homo sapiens
11

Asp Ser Glu Arg

Thr Pro Ala Pro

Asn Ser Pro Met

40

Val Asn Thr His
55

Ala Lys Phe Ile
70

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

26

12

Ser

Arg

Ser

185

Arg

Cys

Asp
Ala
25

Ala

Ala

Ala

Ala

170

Ala

Gly

Arg

Pro
10
Ser

Ser

Gly

Glu

155

Arg

Glu

Gly

Pro

Leu

Cys

Asp

Gly

Asp

Met

Asp

Arg

Phe
220

Asn

Ser

Pro

Thr
60

Asp

Thr

Asn

Val

205

Ala

Val

Gln

Leu

45

Gly

Ser

Pro

Ser

190

Asn

Lys

Leu
Glu
30

Gly

Pro

Glu

Ala

175

Pro

Thr

Phe

Lys
15
Leu

Val

Glu

Arg

160

Pro

Met

His

Ile

Pro

Pro

Val

Gly

Ser Ala Glu Asp Asp Ser Glu Arg Asp Pro Leu Asn Val Leu Lys Pro

1

5

10

Arg Ala Arg Met Thr Pro Ala Pro Ala Ser

20

<210> SEQ ID NO
<211> LENGTH: 20

<212>

<213> ORGANISM:
<220> FEATURE:

<223>

<400> SEQUENCE:

TYPE: DNA

13

Artificial

OTHER INFORMATION: primer

13

tgatttgcat tctccaccaa

<210> SEQ ID NO
<211> LENGTH: 20

<212>

<213> ORGANISM:
<220> FEATURE:

<223>

<400> SEQUENCE:

TYPE: DNA

14

Artificial

OTHER INFORMATION: primer

14

cttctecceeg cttttettet

<210> SEQ ID NO 15

25

15
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-continued

82

<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 15

tatgggccag atggattacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 16

gcacgtatac tccccageat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 17

acctggtgte ctgtgectac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 18

cattcgatgyg ccctetttta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 19

ctgaagcaca tcgaggtcaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 20

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 20

cctgacteca gggagaactg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 21

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 21

20

20

20

20

20

20
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83

84

-continued

agccctcegaa agatgactga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 22

acaaaccagc cattctccac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
<400>

SEQUENCE: 23

gtgggggatg aggcccagag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer
24

<400> SEQUENCE:

agctgtggty gtgaaactgt

20

20

20

20

What is claimed:
1. A pharmaceutical composition comprising:
apeptide comprising at least a portion corresponding to the
C-terminus of FGF23, wherein the portion correspond-
ing to the C-terminus of FGF23 consists of the amino
acid sequence of SEQ ID NO:12 and
an additive, wherein the additive is a vitamin D receptor
agonist and is formulated in combination with said pep-
tide for simultaneous administration.
2. The pharmaceutical composition according to claim 1,
wherein the peptide consists of SEQ ID NO:12.
3. The pharmaceutical composition according to claim 1
further comprising a pharmaceutically acceptable carrier.

35

40

45

4. The pharmaceutical composition according to claim 1,
wherein the composition is in the form of a tablet, capsule,
powder, solution, suspension, or emulsion.

5. The pharmaceutical composition according to claim 1,
wherein the composition is formulated for administration to a
subject orally, parenterally, subcutaneously, intravenously,
intramuscularly, intraperitoneally, by intranasal instillation,
by implantation, by intracavitary or intravesical instillation,
intraocularly, intraarterially, intralesionally, transdermally, or
by application to mucous membranes.

6. The pharmaceutical composition according to claim 1,
wherein the additive is vitamin D.

#* #* #* #* #*



